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AOTI30DI2S AGAINST CTLA4 (CD152) , CONJUGATES COMPRISING SAME, AND CSES THEREOF 

Related Application 

This application claims the benefit of U.S. Provisional Patent Application Serial 

■\ 

5 No. 60/1 78,473, filed January 27, 2000, the contents of which are incorporated herein it 
their entirety by this reference. 

Background of the Invention 

In order for T cells to respond to foreign proteins, two signals must be provided 

10 by antigen-presenting cells (APCs) to resting T lymphocytes (Jenkins, M. and Schwartz, 
R. ( 1 987) X Exp. Med 165, 302-3 1 9; Mueller, D.L., et al. ( 1 990) 1 Immunol 144 , 
3701-3709). The first signal, which confers specificity to the immune response is 
transduced via the T cell receptor (TCR) following recognition of foreign antigenic 
peptide presented in the context of the major histocompatibility complex (MHC). The 

IS second signal, termed costimuiation, induces T cells to proliferate and become 

functional (Lenschow era/- (1996) Amu. Rev. Immunol. 14:233). Costimuiation is 
neither antigen-specific, nor MHC restricted and is thought to be provided by one or 
more distinct cell surface molecules expressed by APCs (Jenkins, M.K., et al. (1988) J. 
Immunol 140, 3324-3330; Linsley, P.S., et al. (1991) 1 Exp. Med 173, 721-730; 

20 Gimmi, CD., et al. (1991) Proc. Natl Acad Set USA. 88, 6575-6579; Young, J.W., et 
al. (1992) J. Clin. Invest. 90, 229-237; Koulova. L., etal. (1991)7. Exp. Med H3, 759- 
762; Reiser, H., et al. (1992) Proc. Natl. Acad. Sci USA. 89, 271-275: van-Seventer, G. 
A., etal. (1990) J. Immunol. 144,4579-4586; LaSalle, J.M., et al. (1991) J. Immunol. 
M7 , 774-80; Dustin, M. I., etal. (1 989) J. Exp. Med ]69, 503 ; Annitage, R. J., et al. 

25 (1992) Nature 357, 80-82; Liu, Y., et al. (1992)7. Exp. Med 175, 437-445). 

The CD80 (B7-1) and CD86 (B7-2) proteins, expressed on APCs, are critical 
costimulatory molecules (Freeman et al. (1991) J. Exp. Med. 174:625; Freeman et al. 
(1989) J. Immunol. 143:2714; Azuma et al. (1993) Nature 366:76; Freeman et al. (1993) 

+ 

Science 262:909). B7-2 appears to play a predominant role during primary immune 
30 responses, while B7-1, which is upregulated later in the course of an immune response, 
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moiety is a naturally occurring bacterial product In yet another embodiment, the toxic 
moiety is selected from the group consisting of ricin A chain and saporin. 

In one embodiment, the antibody is produced by a hybridoma selected from the 
group consisting of: ATCC Accession No. (hybridoma ), ATCC Accession 

5 No . (hybridoma ), ATCC Accession No. (hybridoma ). ATCC Accession 

No . (hybridoma ), ATCC Accession No. (hybridoma ), ATCC Accession 

No . (hybridoma ), ATCC Accession No. (hybridoma ), ATCC Accession 

No . (hybridoma ), and ATCC Accession No. (hybridoma ). 

In one embodiment, the antibody is humanized. 

1 o In another aspect, the invention pertains to a humanized antibody that is 

specifically reactive with human CLTA4. wherein the antibody comprises an amino acid 

sequence shown in SEQ ID NO:8. 

In yet another aspect, the invention pertains to a humanized antibody that is 
specifically reactive with human CLTA4, wherein the antibody comprises an amino acid 

15 sequence shown in SEQ ID NO: 1 0. 

In still another aspect, the invention pertains to a method of modulating the 
immune response comprising contacting a cell with an antibody- toxic moiety conjugate 
of claim 2. 

In one embodiment, the antibody- toxic moiety conjugate is administered to a 
20 subject and the step of contacting is performed in vivo. In one embodiment, the subject 
is suffering from a disorder or condition that would benefit from downmodulation of an 
ongoing immune response wherein the disorder or condition is selected from the group 
consisting of: an autoimmune disorder, an immune response to a graft, an allergic 
response, an immune response to a therapeutic protein. In another embodiment, the step 

25 of contacting is performed in vitro. 

In yet another embodiment, the invention pertains to a method of modulating the 
immune response comprising contacting a cell with an antibody specifically reactive 
with CTLA4. wherein the antibody is produced by a hybridoma selected from the group 
consisting of: ATCC Accession No. (hybridoma ), ATCC Accession No. 

30 (hybridoma ), ATCC Accession No. (hybridoma ), ATCC Accession No. 

(hybridoma ), ATCC Accession No. (hybridoma ), ATCC Accession No, 
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Figure 1 1 shows he effect of increasing concentrations of a humanized anti- 
CTLA4 antibody (Hu-26B) or a murine anti-CTL A4 antibody (Mu-26B) on T cell 
responses, as measured by X-2 production by Jurkat CTLA4+ cells. 

5 Detailed Description of the Invention 

As set forth briefly above, the instant invention pertains, at least in part, to the 
identification and characterization of anti-CTLA4 antibodies, as well as conjugated 
forms of these or other anti-CTLA4 antibodies, and to methods of using such antibodies 
to modulate the immune response. 
1 0 Various aspects of the invention are described in further detail in the following 

subsections: 

1. Definitions 

As used herein, the term "T cell" includes CD4+ T cells and CD8+ T cells. The 
15 term T cell also includes both T helper i type T cells and T helper 2 type T cells. The 
term "antigen presenting cell" includes professional antigen presenting cells (e.g., B 
lymphocytes, monocytes, dendritic cells, Langerhans cells) as well as other antigen 
presenting cells (e.g., keratinocytes, endothelial cells, astrocytes, fibroblasts, 
oligodendrocytes). 

20 As used herein, the term "immune response" includes T cell mediated and/or B 

cell mediated immune responses that axe influenced by modulation of T cell 
costimulation. Exemplary immune responses include T cell responses, e.g., 
proliferation, cytokine production, and cellular cytotoxicity. In addition, the term 
immune response includes immune responses that are indirectly effected by T cell 

25 activation, e.g. % antibody production (humoral responses) and activation of cytokine 
responsive cells, e.g., macrophages. 

As used herein, the term "costimulatory receptor'* includes receptors which 
transmit a costimulatory signal to a immune cell, e.g^ CD28. As used herein, the term 
"inhibitory receptors" includes receptors which transmit a negative signal to an immune 

30 cell (e.g., CTLA4). An inhibitory signal as transduced by an inhibitory receptor can 
occur even if a costimulatory receptor (such as CD28) in not present on the immune cell 
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and, thus, is not simply a function of competition between inhibitory receptors and 
costimulatory receptors for binding of costimulatory molecules (Fallarino et ai (1998) J. 
Exp. Med 188:205). Transmission of an inhibitory signal to an immune cell can result 
in unresponsiveness or anergy or programmed cell death in the immune cell. 
5 Depending upon the form of the molecule that binds to a cell surface receptor, 

either a signal can be transmitted to the cell (e.g., by a multivalent form of a 
costimulatory molecule or a crosslinked form of an antibody that results in crosslinking 
of receptor) or a signal can be inhibited in the cell (e.g., by a soluble, monovalent form 
of a costimulatory molecule or antibody), e.g., by competing with activating forms of 
10 costimulatory molecules for binding to the receptor. However, there are instances in 
which a soluble molecule can be stimulatory e.g., a soluble form of an antibody that 
blocks the binding of an inhibitory receptor to a costimulatory molecule and blocks the 
transmission of negative signal. The effects of the various modulatory agents can be 
easily demonstrated using routine screening assays as described herein. 
1 5 As used herein, the term "costimulate" with reference to activated T cells 

includes the ability of a costimulatory molecule to provide a second, non-activating 
receptor mediated signal (a "costimulatory signal") that induces proliferation or effector 
function. For example, a costimulatory signal can result in cytokine secretion, e.g.. in a 
T cell that has received a T cell-receptor-mediated signal. Immune cells that have 
20 received a cell-receptor mediated signal, e.g., via an activating receptor (e.g., by an 
antigen or by a polyclonal activator) are referred to herein as "activated T cells." 

As used herein, the term ^activating receptor** includes immune cell receptors 
that bind antigen, complexed antigen {e.g.. in the context of MHC molecules), or bind to 
antibodies. Such activating receptors include T cell receptois (TCR), B cell receptors 
25 (BCR), cytokine receptors, LPS receptors, complement receptors, and Fc receptors. 

For example, T cell receptors are present on T cells and are associated with CD3 
molecules. T cell receptors are stimulated by antigen in the context of MHC molecules 
(as well as by polyclonal T cell activating reagents). T cell activation via the TCR 
results in numerous changes, e.g., protein phosphorylation, membrane lipid changes, ion 
30 fluxes, cyclic nucleotide alterations, RN A transcription changes, protein synthesis 
changes, and cell volume changes, and expression of activation markers, e.g„ CTLA4. 
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the 5* IL-2 gene enhancer or by a mui timer of the API sequence that can be found 
within the enhancer (Kang et ai (1992) Science 257: 1 134). 

As used herein, the term "activity" with respect to a polypeptide includes 
activities which are inherent in the structure of a polypeptide. With respect to CTLA4, 
5 the term "activity" includes the ability of a CTLA4 polypeptide to bind to a 

costimulatory molecule and/or to modulate an inhibitory signal in an activated immune 
cell, e.g., by engaging a natural ligand on an antigen presenting cell. CTLA4 transmits 
an inhibitory signal to a T cell. Modulation of an inhibitory signal in a T cell results in 
modulation of proliferation of and/or cytokine secretion by the T cell. CTLA4 can also 
10 modulate a costimulatory signal by competing with a costimulatory receptor for binding 
of costimulatory molecules, e.g., CTLA4. Thus, the term **CTLA4 activity" includes the 
ability of a CTLA4 polypeptide to bind its natural ligand(s). the ability to modulate 
immune cell costimulatory or inhibitory signals, and the ability to modulate the immune 
response. 

15 The term "antibody", as used herein, is intended to refer to immunoglobulin 

molecules comprised of four polypeptide chains, two heavy (H) chains and two light (L) 
chains inter-connected by disulfide bonds. Each heavy chain is comprised of a heavy 
chain variable region (abbreviated herein as HCVR or VH) and a heavy chain constant 
region. The heavy chain constant region is comprised of three domains, CHI, CH2 and 

20 CH3. Each light chain is comprised of a light chain variable region (abbreviated herein 
as LCVR or VL) and a light chain constant region. The light chain constant region is 
comprised of one domain. CL. The VH and VL regions can be further subdivided into 
regions of hypervariability, termed complementarity determining regions (CDR), 
interspersed with regions that are more conserved, termed framework regions (FR). 

25 Each VH and VL is composed of three CORs and four FRs, arranged from amino- 
terminus to carboxy-terminus in the following order FR 1 , CDR 1 , FR2, CDRZ FR3 , 
CDR3, FR4. The phrase "complementary determining region" (CDR) includes the 
region of an antibody molecule which comprises the antigen binding site. 

Antibodies may be an IgG antibodies such as IgGl, IgG2, IgG3 or IgG4; or IgM, 

30 IgA, IgE or IgD isotype. The constant domain of the antibody heavy chain may be 
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selected depending upon the effector function desired. The light chain constant domain 
may be a kappa or lambda constant domain. 

The term "antibody' as used herein also includes an "antigen-binding portion" of 
an antibody (or simply "antibody portion")- The term "antigen-binding portion", as used 
5 herein, refers to one or more fragments of an antibody that retain the ability to 
specifically bind to an antigen (e.g., hCTLA4). It has been shown that the antigen- 
binding function of an antibody can be performed by fragments of a full-length 
antibody. Examples of binding fragments encompassed within the term "antigen- 
binding portion" of an antibody include (i) a Fab fragment, a monovalent fragment 

10 consisting of the VL, VH, CL and CHI domains; (ii) a F(ab')2 fragment, a bivalent 

fragment comprising two Fab fragments linked by a disulfide bridge at the hinge region; 
(iii) a Fd fragment consisting of the VH and CHI domains; (iv) a Fv fragment consisting 
of the VL and VH domains of a single arm of an antibody, (v) a dAb fragment (Ward et 
a/., (1989) Nature 341:544-546 ), which consists of a VH domain; and (vi) an isolated 

1 5 complementarity determining region (CDR). Furthermore, although the two domains of 
the Fv fragment, VL and VH, are coded for by separate genes, they can be joined, using 
recombinant methods, by a synthetic linker that enables them to be made as a single 
protein chain in which the VL and VH regions pair to form monovalent molecules 
(known as single chain Fv (scFv); see e.g.. Bird etai (1988) Science 242:423-426; and 

20 Huston et al (1988) Proc. Nati Acad ScL USA 85:5879-5883). Such single chain 
antibodies art also intended to be encompassed within the term "antigen-binding 
portion" of an antibody. Other forms of single chain antibodies, such as diabodies are 
also encompassed Diabodies are bivalent, bispecific antibodies in which VH and VL 
domains are expressed on a single polypeptide chain, but using a linker that is too short 

25 to allow for pairing between the two domains on the same chain, thereby forcing the 
domains to pair with complementary domains of another chain and creating two antigen 
binding sites (see e.g., HoIIiger, P.. et al (1993) Proc. NatL Acad ScL USA 90:6444- 
6448; Poljak, R. J., et al. (1994) Structure 2:1 121-1 123). 

»• 

Still further, an antibody or antigen-binding portion thereof may be part of a 
30 larger immunoadhesion molecules, formed by covalent or noncovalent associate n of the 
antibody or antibody portion with one or more other proteins or peptides. Examples of 
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An "isolated antibody"*, as used herein, is intended to refer to an antibody that is 
substantially free of other antibodies having different antigenic specificities (e.g., an 
isolated antibody that specifically binds CTLA4 is substantially free of antibodies that 
specifically bind antigens other than CTLA4). Moreover, an isolated antibody may be 
5 substantially free of other cellular material and/or chemicals. 

"CTLA4 blocking antibodies" are antibodies that specifically bind to the 
extracellular domain of CTLA4 protein, and block the binding of CTLA4 to its counter- 
receptors, e.g., CD80, CD86, etc. CTLA4 blocking antibodies can bind to a site of 
CTLA4 at a site in spatial proximity to the site of CTLA4 binding to a costimulatory 

10 molecule, e.g., close enough to the site of costimulatory binding to sterically interfere 
with binding of CTLA4 to the costimulatory molecule. Such blocking antibodies block 
the transmission of an inhibitory signal via CTLA4 and, thus, in soluble form, function 
to enhance T cell proliferation. W CTLA4 activating antibodies" are antibodies that 
specifically bind to the extracellular domain of the CTLA4 protein at a site in the 

1 5 extracellular domain of CTLA4 and which transmit a negative signal via CTLA4 in 
multivalent form. These activating antibodies do not block the binding of CTLA4 to its 
counter-receptors, e.g., CD80 or CD86. Such antibodies, upon binding to CTLA4, result 
in the transmission of an inhibitory signal via CTLA4 and, thus, result in a decrease in T 
cell proliferation. Both CTLA4 blocking and activating antibodies transmit a negative 

20 signal via CTLA4 when they are in multivalent form (e.g., cross-linked). 

The phrase "specifically" with reference to binding, recognition, or reactivity of 
antibodies includes antibodies which bind to naturally occurring molecules which are 
expressed transiently only on activated T cells. Specifically, with respect to CTLA4, the 
term "specifically" 1 with reference to binding, recognition, or reactivity of antibodies 

25 includes anti-CTLA4 antibodies that bind to naturally occurring forms of CTLA4, but 
are substantially unreactive with molecules related to CTLA4, such as CD28 and other 
members of the immunoglobulin superfamily. The phrase "substantially unreactive" 
includes antibodies which display no greater binding to molecules related to CTLA4, 
e.g., CD28 (but excluding CTLA4) as compared to unrelated molecules, e.g., CD27. 

30 Preferably, such antibodies bind to molecules related to CTLA4 (but excluding CTLA4) 
with only background binding. Antibodies specific for CTLA4 from one source, e.g., 
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used interchangeably herein. It should be understood that such terms refer not only to 
the particular subject cell but to the progeny or potential progeny of such a cell. Because 
certain modifications may occur in succeeding generations due to either mutation or 
environmental influences, such progeny may not, in fact, be identical to the parent cell, 
5 but are still included within the scope of the term as used herein. 

As used herein, an "isolaied protein*" refers to a protein that is substantially free 
of other proteins, cellular material and culture medium when isolated from cells or 
produced by recombinant DNA techniques* or chemical precursors or other chemicals 
when chemically synthesized. An "isolated" or "purified" protein or biologically active 

1 0 portion thereof is substantially free of cellular material or other contaminating proteins 
from the cell or tissue source from which the CTLA4 protein is derived, or substantially 
free from chemical precursors or other chemicals when chemically synthesized. The 
language "substantially free of cellular material** includes preparations of CTLA4 
protein in which the protein is separated from cellular components of the cells from 

IS which it is isolated or recombinantly produced. In one embodiment the language 

•'substantially free of cellular material" includes preparations of CTLA4 protein having 
less than about 30% (by dry weight) of non-CTLA4 protein (also referred to herein as a 
"contaminating protein"), more preferably less than about 20% of non-CTLA4 protein, 
still more preferably less than about 10% of non-CTLA4 protein, and most preferably 

20 less than about 5% non-CTLA4 protein. When the CTLA4 protein or biologically active 
portion thereof is recombinantly produced, h is also preferably substantially free of 
culture medium, Le. % culture medium represents less than about 20%, more preferably 
less than about 1 0%, and most preferably less than about 5% of the volume of the 
protein preparation. 

25 The language "substantially free of chemical precursors or other chemicals" 

includes preparations of CTLA4 protein in which the protein is separated from chemical 
precursors or other chemicals which are involved in the synthesis of the protein. In one 
embodiment, the language "substantially free of chemical precursors or other chemicals'* 
includes preparations of CTLA4 protein having less than about 30% (by dry weight) of 

30 chemical precursors or non-CTL A4 chemicals, more preferably less than about 20% 
chemical precursors or non-CTLA4 chemicals, still more preferably less than about 10% 
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An important and well known feature of the genetic code is its redundancy, 
whereby, for most of the amino acids used to make proteins, more than one coding 
nucleotide triplet may be employed (illustrated above). Therefore, a number of different 
nucleotide sequences may code for a given amino acid sequence. Such nucleotide 
5^ sequences are considered functionally equivalent since they result in the production of 
the same amino acid sequence in all organisms (although certain organisms may 
translate some sequences more efficiently than they do others). Moreover, occasionally, 
a methylated variant of a purine or pyrimidine may be found in a given nucleotide 
sequence. Such methylations do not affect the coding relationship between the 

10 trinucleotide codon and the corresponding amino acid. 

In view of the foregoing, the nucleotide sequence of a DNA or RNA molecule 
coding for a CTLA4 polypeptide or CTLA4 antibody of the invention (or any portion 
thereof) can be used to derive the CTLA4 polypeptide or CTLA4 antibody amino acid 
sequence, using the genetic code to translate the CTLA4 polypeptide or CTLA4 

15 antibody molecule into an amino acid sequence. Likewise, for any CTLA4 polypeptide 
or CTLA4 antibody -amino acid sequence, corresponding nucleotide sequences that can 
encode CTLA4 polypeptide or CTLA4 antibody protein can be deduced from the 
genetic code (which, because of its redundancy, will produce multiple nucleic acid 
sequences for any given amino acid sequence). Thus, description and/or disclosure 

20 herein of a CTLA4 polypeptide or CTLA4 antibody nucleotide sequence should be 
considered to also include description and/or disclosure of the amino acid sequence 
encoded by the nucleotide sequence. Similarly, description and/or disclosure of a 
CTLA4 polypeptide or CTLA4 antibody amino acid sequence herein should be 
considered to also include description and/or disclosure of all possible nucleotide 

25 sequences that can encode the amino acid sequence. 

II. CTLA4 Imm unogens 

One aspect of the invention pertains to anti-CTLA4 antibodies. Antibodies to 
CTLA4 can be made by immunizing a subject (e.g., a mammal) with a CTLA4 
30 polypeptide or a nucleic acid molecule encoding- a CTLA4 polypeptide or a porti n 
thereof. In one embodiment, native CTLA4 proteins, or immunogenic portions thereof, 
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embodiment the immunogen may comprise DNA encoding a CTLA4 molecule or a 
portion thereof. For example, as set forth in the appended examples, 2ng cDNA 
encoding the extracellular domain of recombinant human CTLA4 could be used as an 
immunogen. 

5 In a preferred embodiment, the immunogen is a human CTLA4 molecule. 

Preferably, CTLA4 proteins comprise the amino acid sequence encoded by SEQ ID 
NO: 1 or fragment thereof. In another preferred embodiment, the protein comprises the 
amino acid sequence of SEQ ID NO:2 or fragment thereof. For example, the CTLA4 
molecule can differ in amino acid sequence from that shown in SEQ ID NO:2, e.g., can 

10 be from a different source or can be modified to increase its immunogenicity. In one 
embodiment, the protein has at least about 80%. and even more preferably, at least about 
90% or 95% amino acid identity with the amino acid sequence shown in SEQ ID NO;2. 

To determine the percent identity of two amino acid sequences or of two nucleic 
acid sequences, the sequences are aligned for optimal comparison purposes {e.g., gaps 

15 can be introduced in one or both of a first and a second amino acid or nucleic acid 

sequence for optimal alignment and non-homologous sequences can be disregarded for 
comparison purposes). In a preferred embodiment the length of a reference sequence 
aligned for comparison purposes is at least 30%, preferably at least 40%, more 
preferably at least 50%, even more preferably at least 60%. and even more preferably at 

20 least 70%, 80%. or 90% of the length of the reference sequence. The residues at 
corresponding positions are then compared and when a position in one sequence is 
occupied by the same residue as the corresponding position in the other sequence, then 
the molecules are identical at that position. The percent identity between two sequences, 
therefore, is a function of the number of identical positions shared by two sequences 

25 (/.*., % identity =» # of identical positions/total # of positions x 100). The percent 
identity between the two sequences is a function of the number of identical positions 
shared by the sequences, taking into account the number of gaps, and the length of each 
gap, which need to be introduced for optimal alignment of the two sequences. As used 
herein amino acid or nucleic acid "identity" is equivalent to amino acid or nucleic acid 

30 "homology". 
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The comparison of sequences and determination of percent identity between two 
sequences can be accomplished using a mathematical algorithm. In a preferred 
embodiment, the percent identity between two amino acid sequences is determined using 
the GAP program in the GCG software package (available at http://www.gcg.com), 
5 using either a Blosum 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 
10, 8, 6, or 4 and a length weight of 1 , 2, 3, 4, 5, or 6. In yet another preferred 
embodiment, the percent identity between two nucleotide sequences is determined using 
the GAP program in the GCG software package (available at http://www.gcg.com), 
using a NWSgapdnaCMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a length 
10 weight of 1,2,3,4, 5, or 6. 

The nucleic acid and protein sequences of the CTLA4 can further be used as a 
"query sequence" to perform a search against public databases to, for example, identify 
other family members or related sequences. Such searches can be performed using the 
NBLAST and XBLAST programs (version 2.0) of Altschul, et at. (1990) I Moi Biol. 

15 21 5:403- 1 0. BLAST nucleotide searches can be performed with the NBLAST program, 
score = 100, wordlength = 12 to obtain nucleotide sequences homologous to CTLA4 
nucleic acid molecules of the invention. BLAST protein searches can be performed with 
the XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences 
homologous to CTLA4 protein molecules of the invention. To obtain gapped 

20 alignments for comparison purposes. Gapped BLAST can be utilized as described in 
Altschul et of., (1997) Nucleic Acids Res. 25(17):3389-3402. When utilizing BLAST 
and Gapped BLAST programs, the default parameters of the respective programs (e.g.. 
XBLAST and NBLAST) can be used. For example, the nucleotide sequences of the 
invention were analyzed using the default Blastn matrix 1-3 with gap penalties set at: 

25 existence 1 1 and extension 1 . The amino acid sequences of the invention were analyzed 
using the default settings: the Blosum62 matrix with gap penalties set at existence 1 1 
and extension 1. See http://www.ncbi. nlm.nih.gov. 

CTLA4 chimeric or fusion proteins or nucleic acid molecules encoding them can 
also be used as immunogens. As used herein, a CTLA4 "chimeric protein" or "fusi n 

30 protein** comprises a CTLA4 polypeptide operatively linked to a non-CTLA4 

polypeptide. A "CTLA4 polypeptide** refers to a polypeptide having an amino acid 
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one embodiment, variant.; of a CTLA4 protein can be identified by screening 
combinatorial libraries oi mutants, e.g., truncation mutants, of a CTLA4 protein for 
CTLA4 protein agonist or antagonist activity. In one embodiment, a variegated library 
of CTLA4 variants is generated by combinatorial mutagenesis at the nucleic acid level 
5 and is encoded by a variegated gene library. A variegated library of CTLA4 variants can 
be produced by, for example, enzymatically ligating a mixture of synthetic 
oligonucleotides into gene sequences such that a degenerate set of potential CTLA4 
sequences is expressible as individual polypeptides, or alternatively, as a set of larger 
fusion proteins (e.g.. for phage display) containing the set of CTLA4 sequences therein. 
10 There are a variety of methods which can be used to produce libraries of potential 

CTLA4 variants from a degenerate oligonucleotide sequence. Chemical synthesis of a 
degenerate gene sequence can be performed in an automatic DNA synthesizer, and the 
synthetic gene then ligated into an appropriate expression vector. Use of a degenerate 
set of genes allows for the provision, in one mixture, of all of the sequences encoding 

15 the desired set of potential CTLA4 sequences. Methods for synthesizing degenerate 
oligonucleotides are known in the art (see, e.g., Narang, S.A. (1983) Tetrahedron 39:3; 
Itakura et al. (1984) Annu. Rev. Biochent 53:323; Itakura et al. (1984) Science 
198:1056; Ike et al. (1983) Nucleic Acid Res. 1 1:477. 

In addition, libraries of fragments of a CTLA4 protein coding sequence can be . 

20 used to generate a variegated population of CTLA4 fragments for screening and 

subsequent selection of variants of a CTLA4 protein. In one embodiment, a library of 
coding sequence fragments can be generated by treating a double stranded PCR 
fragment of a CTLA4 coding sequence with a nuclease under conditions wherein 
nicking occurs only about once per molecule, denaturing the double stranded DNA, 

25 renaturing the DNA to form double stranded DNA which can include sense/antisense 
pairs from different nicked products, removing single stranded portions from reformed 
duplexes by treatment with SI nuclease, and ligating the resulting fragment library into 
an expression vector. By this method, an expression library can be derived which 
encodes N-terminal, C-terminal and internal fragments of various sizes of the CTLA4 

30 protein. 
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Several techniques are known in the art for screening gene products of 
combinatorial libraries made by point mutations or truncation, and for screening cDNA 
libraries for gene products having a selected property. Such techniques are adaptable for 
rapid screening of the gene libraries generated by the combinatorial mutagenesis of 
5 CTLA4 proteins. The most widely used techniques, which are amenable to high 
through-put analysis, for screening large gene libraries typically include cloning the 
gene library into replicable expression vectors, transforming appropriate cells with the 
resulting library of vectors, and expressing the combinatorial genes under conditions in 
which detection of a desired activity facilitates isolation of the vector encoding the gene 

10 whose product was detected. Recursive ensemble mutagenesis (REM), a new technique 
which enhances the frequency of functional mutants in the libraries, can be used in 
combination with the screening assays to identify CTLA4 variants (Arkin and Youvan 
(1992) Proc. NatL Acad Sci USA 59:781 1-7815; Delagrave et al (1993) Protein 
Engineering 6(3):327-33 1 ). 

1 5 In one embodiment ceil based assays can be exploited to analyze a variegated 

CTLA4 library. For example, a library of expression vectors can be transfected into a 
cell line which ordinarily synthesizes and secretes CTLA4. The transfected cells are 
then cultured such that CTLA4 and a particular mutant CTLA4 are secreted and the 
effect of expression of the mutant on CTLA4 activity in cell supernatants can be 

20 detected, e.g., by any of a number of enzymatic assays. Plasmid DNA can then be 
recovered from the cells which score for inhibition, or alternatively, potentiation of 
CTLA4 activity, and the individual clones further characterized. 

An isolated CTL A4 protein, or a portion or fragment thereof, or nucleic acid 
molecules encoding a CTLA4 polypeptide of portion thereof, can be used as an 

25 immunogen to generate antibodies that bind CTLA4 using standard techniques for 
polyclonal and monoclonal antibody preparation. In one embodiment, a full-length 
CTLA4 protein or nucleic acid molecule encoding a full-length CTLA4 protein can be 
used. Alternatively, an antigenic peptide fragment (ie., a fragment capable of 
promoting an antigenic response) of a CTLA4 polypeptide or nucleic acid molecule 

30 encoding a fragment of a CTLA4 polypeptide can be used can be used as the 
immunogen. An antigenic peptide fragment of a CTLA4 polypeptide typically 
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comprises at least 8 amino acid residues (e.g. ? at least 8 amino acid residues of the amino 
acid sequence shown in SEQ ID N0:2) and encompasses an epitope of a CTLA4 
polypeptide such that an antibody raised against the peptide forms an immune complex 
with a CTLA4 molecule. Preferred epitopes encompassed by the antigenic peptide are 

^ 

5 regions of CTLA4 that are located on the surface of the protein, e.g., hydrophilic 
regions. In another embodiment, an antibody binds specifically to a CTLA4 
polypeptide. In a preferred embodiment, the CTLA4 polypeptide is a human CTLA4 
polypeptide. 

Preferably, the antigenic peptide comprises at least about 10 amino acid residues, 

10 more preferably at least about 15 amino acid residues, even more preferably at least 20 
about amino acid residues, and most preferably at least about 30 amino acid residues. 
Preferred epitopes encompassed by the antigenic peptide are regions of a CTLA4 
polypeptide that are located on the surface of the protein, e.g., hydrophilic regions, and 
that are unique to a CTLA4 polypeptide. In one embodiment such epitopes can be 

1 5 specific for a CTLA4 proteins from one species, such as mouse or human (/.*?., an 
antigenic peptide that spans a region of a CTLA4 polypeptide that is not conserved 
across species is used as immunogen; such non conserved residues can be determined 
using an amino acid sequence, e.g.. using one of the programs described supra), A 
standard hydrophobicity analysis of the CTLA4 protein can be performed to identify 

20 hydrophilic regions. 

A CTLA4 immunogen typically is used to prepare antibodies by immunizing a 
suitable subject, (e.#., rabbit, goat, mouse or other mammal) with the immunogen. An 
appropriate immunogenic preparation can contain, for example, a nucleic acid molecule 
encoding a CTLA4 immunogen, a recombinantly expressed CTLA4 protein or a 

25 chemically synthesized CTLA4 immunogen. The preparation can further include an 
adjuvant, such as Freund's complete or incomplete adjuvant, alum, a cytokine or 
cytokines, or similar immunostimulatory agent Immunization of a suitable subject with 
an immunogenic CTLA4 preparation induces a polyclonal ami- CTLA4 antibody 
response. 
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originally described by Kohler and Milstein (1975, Nature 256:495-497) (see also, 
Browne/ ai (1981)7. Immunol 127:539-46; Brown et ai (1980) J Bioi Chem. 
255:4980-83; Yeh et ai (1^76) Proc. Natl. Acad ScL USA 76:2927-31; and Yeh et ai 
(1982) Int. J. Cancer 29:269-75), the more recent human B cell hybridoma technique 
5 (Kozbor et ai ( 1 983) Immunol Today 4:72), the EB V-hy bridoma technique (Cole et ai. 
(1985), Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96) or 
trioma techniques. The technology for producing monoclonal antibody hybridomas is 
well known (see generally R. H. Kenneth, in Monoclonal Antibodies: A New Dimension 
In Biological Analyses, Plenum Publishing Corp., New York, New York (1980); E. A. 

10 Lemer(1981) Yalel Bioi Med, 54:387-402; M. L. Gefter et ai (1977) Somatic Cell 
Genet, j 3:231-36). Briefly, an immortal cell line (typically a myeloma) is fused to 
lymphocytes (typically splenocytes) from a mammal immunized with a CTLA4 
immunogen as described above, and the culture supernatants of the resulting hybridoma 
cells are screened to identify a hybridoma producing a monoclonal antibody that binds 

15 specifically to aCTLA4 polypeptide. 

Any of the many well known protocols used for fusing lymphocytes and 
immortalized ceil lines can be applied for the purpose of generating an anri-CTLA4 
monoclonal antibody (see, e.g., G. Galfre et ai (1977) Nature 266:55052; Gefter et ai 
Somatic Cell Genet., cited supra; Lerner, Yale J. Bioi Med, cited suprar, Kenneth, 

20 Monoclonal Antibodies* cited supra). Moreover, the ordinary skilled worker will 

appreciate that there are many variations of such methods which also would be useful. 
Typically, the immortal cell line (e.g., a myeloma cell line) is derived from the same 
mammalian species as the lymphocytes. For example, murine hybridomas can be made 
by fusing lymphocytes from a mouse immunized with an immunogenic preparation of 

25 the present invention with an immortalized mouse cell line. Preferred immortal cell 
lines are mouse myeloma cell lines that are sensitive to culture medium containing 
hypoxanthine, aminopterin and thymidine CHAT medium"). Any of a number of 
myeloma cell lines may be used as a fusion partner according to standard techniques, 
e.g., the P3-NSt/l-Ag4-l, P3-x63-Ag8.653 or Sp2/0-Agl4 myeloma lines. These 

30 myeloma lines are available from the American Type Culture Collection (ATCC), 
Rockville, Md. Typically, HAT-sensitive mouse myeloma cells are fused to mouse 
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splenocytes using polyethylene glycol ("PEG"). Hybridoma cells resulting from the 
fusion are then selected using HAT medium, which kills unfused and unproductively 
fused myeloma cells (unfused splenocytes die after several days because they are not 
transformed). Hybridoma cells producing a monoclonal antibody of the invention are 
5 detected by screening the hybridoma culture supernatants for antibodies that bind a, 
CTLA4 molecule, e.g., using a standard ELISA assay. 

Anti-CTLA4 antibodies may bind to any portion of the CTLA4 molecule. 
Preferably, anti-CTLA4 antibodies bind to the extracellular domain of the CTL A4 
molecule. Preferred antibodies bind to the CTLA4 molecule at a site in spatial 

10 proximity to the site of CD80/CD86 binding. In one embodiment, anti-CTLA4 

antibodies are affected by the substitution of the glutamic acid residue at position 46 of 
the CTLA4 molecule. In another embodiment, preferred antibodies are affected by the 
substitution of the arginine at position 85 of the CTLA4 molecule. 

Preferred antibodies are anti-human CTLA4 monoclonal antibody numbers 25, 

15 26. 27. 29, 33, 34. 35, 36, or 38 described herein. These antibodies were determined to 
be of the IgGl isotype. The preparation and characterization of these antibodies is 
described in detail in the appended examples. Hybridoma cells were deposited with the 
American Type Culture Collection, which meets the requirements of the Budapest 
Treaty, on as ATCC Accession No. (antibody 25 or hybridoma ), ATCC . 

20 Accession No. (antibody 26 or hybridoma ), ATCC Accession No. (antibody 

27 or hybridoma ), ATCC Accession No. (antibody 29 or hybridoma ), ATCC 

Accession No. (antibody 33 or hybridoma ), ATCC Accession No. 

(antibody 34 or hybridoma ), ATCC Accession No. (antibody 35 or hybridoma 

), ATCC Accession No. (antibody 36 or hybridoma ), and ATCC Accession No.- 

25 (antibody 38 or hybridoma ). 

A particularly preferred anti-human CTLA4 antibody is antibody 26, which is 
described in detail in the appended examples and which blocks binding to CO80/CD86 
and. thus, results in blocking the transmission of a negative signal via CTLA4. The 
amino acid sequences of the VH and VK regions of antibody 26 are set forth in Example 

30 6. The amino acid sequences of a humanized version of antibody 26 are provided in 
Example 7. 
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5,625,126, 5,569,825, and 5,545,806; and Kucherlapati etal. US Patent Nos. 6,162,963, 
6,150,584, 6,1 14,598, and 6,075,181. 

For example, an antibody may be humanized by grafting the desired CDRs onto 
a human framework, e.g., according to EP-A-0239400. A DNA sequence encoding the 
5 desired reshaped antibody can therefore be made beginning with the human DNA whose 
CDRs it is wished to reshape. The rodent variable domain amino acid sequence 
containing the desired CDRs is compared to that of the chosen human antibody variable 
domain sequence. The residues in the human variable domain are marked that need to 
be changed to the corresponding residue in the rodent to make the human variable region 

10 incorporate the rodent CDRs. There may also be residues that need substituting, e.g., 
adding to or deleting from the human sequence. Oligonucleotides can be synthesized 
that can be used to mutagenize the human variable domain framework to contain the 
desired residues. Those oligonucleotides can be of any convenient size. 

Alternatively, humanization may be achieved using the recombinant polymerase 

15 chain reaction (PCR) methodology of WO 92/07075. Using this methodology, a CDR 
may be spliced between the framework regions of a human antibody. In general, the 
technique of WO 92/07075 can be performed using a template comprising two human 
framework regions, AB and CD, and between them, the CDR which is to be replaced by 
a donor CDR. Primers A and B are used to amplify the framework region AB, and 

20 primers C and D used to amplify the framework region CD. However, the primers B 
and C each also contain, at their 5' ends, an additional sequence corresponding to all or 
at least part of the donor CDR sequence. Primers B and C overlap by a length sufficient 
to permit annealing of their 5' ends to each other under conditions which allow a PCR to 
be performed Thus, the amplified regions AB and CD may undergo gene splicing by 

25 overlap extension to produce the humanized product in a single reaction. 

In one method, humanized anti-CTLA4 antibodies can be made by joining 
polynucleotides encoding portions of immunoglobulins capable of binding CTLA4 to 
polynucleotides encoding appropriate human framework regions. Exemplary 
humanization methods can be found, e.g.. in Queen et al. (1989) Proc. Natl. Acad Sci. 

30 USA 86:10029 or US Patent Numbers 5,585,089, 5,693,762, 5,693,761, or 5,530,101, 
the teachings of which are incorporated herein in their entirety. To select the human 
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firamework region, a framework or variable region amino acid sequence of a CDR- 
providing non-human immunoglobulin is compared with corresponding sequences in a 
human immunoglobulin sequence collection, and a sequence having high homology is 
selected. A principle behind the selection is that as acceptor, a framework is used from a 
5 particular human immunoglobulin that is unusually homologous to the donor 

immunoglobulin to be humanized, or to use a consensus framework from many human 
antibodies. For example, comparison of the sequence of a mouse heavy (or light) chain 
variable region against human heavy (or light) variable regions in a data bank (for 
example, the National Biomedical Research Foundation Protein Identification Resource) 

10 shows that the extent of homology to different human regions varies greatly, typically 
from about 40% to about 60-70%. By choosing immunoglobulin one of the human 
heavy (respectively light) chain variable regions that is most homologous to the heavy 
(respectively light) chain variable region of the donor immunoglobulin as the acceptor, 
fewer amino acids will need to be changed in going from the donor immunoglobulin to 

15 the humanized immunoglobulin. Thus, there is a smaller chance of changing an amino 
acid near the CDRs that distorts their conformation. Moreover, the precise overall shape 
of a humanized antibody comprising the humanized immunoglobulin chain may more 
closely resemble the shape of the donor antibody, also reducing the chance of distorting 
the CDRs. Due to codon degeneracy and non-critical amino-acid substitutions, other 

20 polynucleotide sequences can be readily substituted for those sequences, as detailed 
below. 

In making a humanized antibody amino acids in the human Ig to be used (human 
acceptor sequence) can be replaced by the corresponding amino acids from the non- 
human starting Ig (donor sequence) if they are in a CDR. 

25 In another embodiment of the present invention, either in conjunction with the 

above step or separately, additional amino acids in the acceptor immunoglobulin chain 
may be replaced with amino acids from the CDR-donor immunoglobulin chain. More 
specifically, further substitutions of a human framework amino acid of the acceptor 
immunoglobulin with the corresponding amino acid from a donor immunoglobulin can 

30 be made at positions which fail into one or more of the following categories: 
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used. The selected accq tor immunoglobulin chain will most preferably have at least 
about 65% homology in the framework region to the donor immunoglobulin. 

In many cases, it may be considered preferable to use light and heavy chains 
from the same human antibody as acceptor sequences, to be sure the humanized light 
S and heavy chains will make favorable contacts with each other. In this case, the donor 
light and heavy chains will be compared only against chains from human antibodies 
whose complete sequence is known, e.g., the Eu, Lay, Pom, Wol, Sie, Gal, Ou and WEA 
antibodies (see, e.g., "Sequences of Proteins of Immunological Interest,** Kabat, E., et 
al. f U.S. Department of Health and Human Services, (1987)); occasionally, the last few 

10 amino acids of a human chain are not known and must be deduced by homology to other 
human antibodies). The human antibody will be chosen in which the light and heavy 
chain variable regions sequences* taken together, are overall most homologous to the 
donor light and heavy chain variable region sequences. Sometimes greater weight will 
be given to the heavy chain sequence. The chosen human antibody will then provide 

1 5 both light and heavy chain acceptor sequences. In practice, it is often found that the 
human Eu antibody will serve this role. 

Regardless of how the acceptor immunoglobulin is chosen, higher affinity may 
be achieved by selecting a small number of amino acids in the framework of the 
humanized immunoglobulin chain to be the same as the amino acids at those positions' in 

20 the donor rather than in the acceptor. A second principle is that the following categories 
define what amino acids may be selected from the donor. Preferably, at many or all 
amino acid positions in one of the following categories, the donor amino acid will in fact 
be selected. 

Category 1 : The amino acid position is in a CDR is defined by see, e.g. f 
25 "Sequences of Proteins of Immunological Interest,- Kabat, E et a/., U.S. Department of 
Health and Human Services, (1987). 

Category 2: If an amino acid in the framework of the human acceptor 
immunoglobulin is unusual (£*., 44 rare", which as used herein indicates an amino acid 
occurring at that position in less than about 20% but usually less than about 10% of 
30 human heavy (respectively light) chain V region sequences in a representative data 
bank), and if the donor amino acid at that position is typical for human sequences (Le. t 
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u common , \ which as used herein indicates an amino acid occurring in more than about 
25% but usually more than about 50% of sequences in a representative data bank), then 
the donor amino acid rather than the acceptor may be selected. This criterion helps 
ensure that an atypical amino acid in the human framework does not disrupt the antibody 
5 structure. Moreover, by replacing an unusual amino acid with an amino acid from the 
donor antibody that happens to be typical for human antibodies, the humanized antibody 
may be made less immunogenic. 

All human light and heavy chain variable region sequences are respectively 
grouped into '"subgroups" of sequences that are especially homologous to each other and 

10 have the same amino acids at certain critical positions (see, eg., "Sequences of Proteins 
of Immunological Interest,** Kabat E., et aL U.S. Department of Health and Human 
Services, (1987)). When deciding whether an amino acid in a human acceptor sequence 
is "rare'* or "common" among human sequences, it will often be preferable to consider 
only those human sequences in the same subgroup as the acceptor sequence. 

15 Category 3: In the positions immediately adjacent to one or more of the 3 CDRs 

in the primary sequence of the humanized immunoglobulin chain, the donor amino 
acid(s) rather than acceptor amino acid may be selected. These amino acids are 
particularly likely to interact with the amino acids in the CDRs and, if chosen from the 
acceptor, to distort the donor CDRs and reduce affinity. Moreover, the adjacent amino 

20 acids may interact directly with the antigen (Amit et al.* Science. 233, 747-753 ( 1 986). 
which is incorporated herein by reference) and selecting these amino acids from the 
donor may be desirable to keep all the antigen contacts that provide affinity in the 
original antibody. 

Category 4: A 3-dimensional model, typically of the original donor antibody, 
25 shows that certain amino acids outside of the CDRs are close to the CDRs and have a 
good probability of interacting with amino acids in the CDRs by hydrogen bonding. Van 
der Waals forces, hydrophobic interactions, etc. At those amino acid positions, the 
donor immunoglobulin amino acid rather than the acceptor immunoglobulin amino acid 
may be selected. Amino acids according to this criterion will generally have a side 
30 chain atom within about 3 angstrom units of some atom in the CDRs and must contain 
an atom that could interact with the CDR atoms according to established chemical 



( 



WO 01/54732 PCT/US01/02653 

•37- 

forces, such as those listed above. In the case of atoms that may form a hydrogen bond, 
the 3 angstroms is measured between their nuclei, but for atoms that do not form a bond, 
the 3 angstroms is measured between their Van der Waals surfaces. Hence, in the latter 
case, the nuclei must be within about 6 angstroms (3+sum of the Van der Waals radii) 
5 for the atoms to be considered capable of interacting. In many cases the nuclei will be 
from 4 or 5 to 6 angstroms apart In determining whether an amino acid can interact 
with the CDRs, it is preferred not to consider the last 8 amino acids of heavy chain CDR 
2 as part of the CDRs, because from the viewpoint of structure, these 8 amino acids 
behave more as part of the framework. 

10 Amino acids in the framework that are capable of interacting with amino acids in 

the CDRs, and which therefore belong to Category 4, may be distinguished in another 
way. The solvent accessible surface area of each framework amino acid is calculated in 
two ways: (1 ) in the intact antibody, and (2) in a hypothetical molecule consisting of the 
antibody with its CDRs removed. A significant difference between these numbers of 

1 5 about 1 0 square angstroms or more shows that access of the framework amino acid to 
solvent is at least partly blocked by the CDRs, and therefore that the amino acid is 
making contact with the CDRs. Solvent accessible surface area of an amino acid may be 
calculated based on a 3-dimensional model of an antibody, using algorithms known in 
the art (e.g.. Connolly, 1 AppL CrysL 16, 548 (1983) and Lee and Richards (1971) j: 

20 MoL Biol 55:379, both of which are incorporated herein by reference). Framework 
amino acids may also occasionally interact with the CDRs indirectly, by affecting the 
conformation of another framework amino acid that in turn contacts the CDRs. 

The amino acids at several positions in the framework are known to be capable 
of interacting with the CDRs in many antibodies (Chothia and Lesk (1987) 1 MoL BioL 

25 196:90 1 ; Chothia etal. (1 989) Nature 342:877; and Tramontano et al. ( 1990) 1 MoL 
BioL 215:75, all of which are incorporated herein by reference), notably at positions 2, 
48, 64 and 71 of the light chain and 26-30, 71 and 94 of the heavy chain (numbering 
according to Kabat, op. cit), and therefore these amino acids will generally be in 
Category 4. Typically, humanized immunoglobulins, of the present invention will 

30 include donor amino acids (where different) in category 4 in addition to these. 
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Collection (Catalogue of Cell Lines and Hybridomas, Fifth edition ( 1 985) Rockville, 
Md., U.S.A., which is incorporated herein by reference). 

In another embodiment, antibody chains or specific binding pair members can be 
produced by recombination between vectors comprising nucleic acid molecules 
5 encoding a fusion of a polypeptide chain of a specific binding pair member and a 
component of a replicable genetic display package and vectors containing nucleic acid 
molecules encoding a second polypeptide chain of a single binding pair member using 
techniques known in the art, as described in US patents 5,565,332, 5,871,907, 
5,858,657, or 5,733,743. 

10 

IV. Immunotoxins 

An antibody or antibody portion of the invention can be derivatized or linked to 
another functional molecule (e.g., a peptide or polypeptide). Accordingly, the antibodies 
and antibody portions of the invention are intended to include derivatized and otherwise 

15 modified forms of the anti-CTLA4 antibodies described herein, including, e.g., 

antibodies conjugated to other molecules (e.g., antibodies or polypeptides which bind to 
other T cell markers T cells). For example, an antibody or antibody portion of the 
invention can be functionally linked (by chemical coupling, genetic fusion, noncovalent 
association or otherwise) to one or more other molecular entities, such as another 

20 antibody (e.g., to create a bispecific antibody or a diabody), a detectable agent, a 
cytotoxic agent, a pharmaceutical agent, and/or a protein or peptide that can mediate 
associate of the antibody or antibody portion with another molecule (such as a 
stxeptavidin core region or a poiyhistidine tag). 

One type of derivatized antibody is produced by cross! inking two or more 

25 antibodies (of the same type or of different types, e.g., to create bispecific antibodies). 
Suitable crosslinkers include those that are heterobifunctional, having two distinctly 
reactive groups separated by an appropriate spacer (e.&, m-maleimidobenzoyl-N- 
hydroxysuccininiide ester) or homobifunctional (e.g., disuccinimidyl suberate). Such 
linkers are available from Pierce Chemical Company, Rockford, IL. 

30 Useful detectable agents with which an antibody or antibody portion of the 

invention may be derivatized include fluorescent compounds. Exemplary fluorescent 
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detectable agents include fluorescein, fluorescein isothiocyanate, rhodamine, 5- 
dimethylamine-l-napthalenesulfonyl chloride, phycoerythrin and the like. An antibody 
may also be derivatized with detectable enzymes, such as alkaline phosphatase, 
horseradish peroxidase, glucose oxidase and the like. When an antibody is derivatized 
5 with a detectable enzyme, it is detected by adding additional reagents that the enzyme 
uses to produce a detectable reaction product. For example, when the detectable agent 
horseradish peroxidase is present, the addition of hydrogen peroxide and 
diaminobenzidine leads to a colored reaction product, which is detectable. An antibody 
may also be derivatized with biotin* and detected through indirect measurement of 

1 0 avidin or streptavidin binding. 

In one embodiment anti-CTLA4 antibody or an antigen binding portion thereof 
is infused into a subject to bring about destruction of activated T cells. CTLA4 is 
expressed exclusively on activated T cells. Thus, because CTLA4 is present only on 
activated T cells, an immunotoxin that binds to and targets CTLA4 can be used to 

IS deplete these specific cells (e.g.. by ablation by conjugating a toxic moiety to the 
antibody). 

A wide variety of toxic moieties are known in the art and may be conjugated to 
the antibodies of the invention (see Hertler and Frankel (1989) 1 Clin, Oncoi 7: 1932- 
1942). For example, toxic moieties may disrupt the cell membrane without 

20 internalization, toxic moieties may be internalized via a non-specific mechanism, or 
toxic moieties may be specifically internalized, e.g.. by direct interaction with specific 
receptor proteins on the cell. Toxic moieties for use in the claimed invention can be e.g., 
naturally occurring or synthetic. Toxic moieties may be proteinaceous or non- 
proteinaceous, e.g., oligosaccharides. Examples include: numerous useful plant-, 

25 fungus- or even bacteria-derived toxic moieties, which, by way of example, include 

various A chain toxic moieties* particularly ricin A chain, ribosome inactivating proteins 
such as saporin or gelonin, .alpha.-sarcin* aspergillin, restrictocin, ribonucleases such as 
placental ribonuclease, angiogenic, diphtheria toxin, and pseudomonas exotoxin, and 
calicheamicin and will be discussed in more detail below. 

30 For example, in one embodiment, exemplary toxic moieties include "ribosome 

inactivating proteins'* (RIPs) which by definition are able to directly inhibit the 
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ribosomal translational machinery. The heterodimer peptide ricin is derived from the 
castor bean plant {Ricinus communis) and is an example of such a toxic moiety. The 
toxic activity of ricin is found entirely in one of its subunits (ricin A-chain). In one 
embodiment, a toxic moiety for use in the claimed invention is an active subunit of a 
5 toxin molecule. Ricin A-chain is thought to deactivate ribosome function by specifically 
depurinating the single adenine at position 4324 of 28S rRNA (Chen et ai (1998) 
Biochemistry 37:1 1605, Koehler et ai (1994) Bone Marrow Transplant 13:571-575; 
Duke-Cohan et ai (1993) Bloo d 82:2224-34). Another bipartite RIP toxic moiety is 
abrin, which is derived from the jequirity bean {Abrus precatorins) and is known to 

10 deactivate protein translation by the same mechanism as ricin- A (Krupakar et ai ( 1 999) 
Biochem. 1 338:273-279). Other RIPs which can be used in connection with the 
invention include the plant cytotoxins saporin and gelonin. The Shiga-A toxic moiety 
from the microorganism Shigella dysenteriae also functions as an RIP (Fraser, M. E. 
(1994) Nat. Structural Bioi 1:59-64), as does the sarcin-A toxic moiety, derived from 

1 5 the mold Aspergillus giganteus (Lacadena et ai ( 1 999) Proteins 37:474-484). 

Antibody-toxic moiety conjugates which include ricin-A and similar toxic moieties have 
been described previously in U.S. Patent Nos. 4,590,017, 4,906,469, 4,919,927. and 
5,980,896, which are expressly incorporated herein by reference. 

Toxic moieties which ADP-ribosylate the protein elongation factor 2 (EF-2), 

20 e.g., bacterial diphtheria toxin (from Corynebacterium diphtheriae) and inhibit protein 
synthesis (Foley et al. (1995) J. Bioi Chem. 270:23218-23225) can also be used in the 
antibody- toxic moiety conjugates of the invention. Antibody- toxic moiety conjugates 
which include diphtheria toxin or related toxic moieties which ADP-ribosylate the EF-2 
have been described previously, e.g., in U.S. Patent Nos. 4,545,985. 

25 Other potent toxic moieties are able to able to bring about eukaryotic cell death 

by interfering with microtubule function, thus causing mitotic arrest (Iwasaki ( 1 998) 
Yakugaku Zasshi 1 1 8 : 1 1 2- 1 26). Examples of such toxic moieties are the maytansinoid 
compounds (Takahashi et ai (1989) Moi Gen Genet 220:53-59> which are found in 
certain mosses (e.g., maytenus buchananii; see Larson et al. (1999) J. Nat. Prod 

30 62:361-363). Antibody- 1 xic moiety conjugates which include maytansinoid have been 
described previously in U.S. Patent No. 5,208,020. 
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Still other toxic moieties are able to activate the adenylate cyclase cAMP system, 
causing unregulated transport of anions and cations through the membrane. An example 
of this type of toxic moiety is the cholera toxin (de Haan et ai (1998) Immunol Cell 
Bioi 76:270-279) derived from Vibrio cholerae, a microorganism that can cause fluid 
£ secretion and hemorrhage of intestinal cells. 

The bacterial pertussis toxin (derived from Bordetella pertussis) is able to 
specifically target the eukaryotic G protein complex, a key element in the transduction 
of many extracellular signal pathways, including those triggered by cytokine and 
hormone receptors. The pertussis toxin can ADP-ribosylate a subunit of the G protein 
1 0 complex, causing an uncoupling of its regulatory activity (Locht and Antoine ( 1 995) 
Biochimie 77:333-340). 

In one embodiment, a toxic moiety for use in the antibody- toxic moiety 
conjugates of the invention is an oligosaccharide. For example, the oligosaccharide 
calicheamicin is a bacterial product which was identified as one of a class of 
1 5 carbohydrates which preferentially bind the minor groove of DN A (Kahne ( 1 995) Chem. 
Bioi 2:7-12). Calicheamicin is known to non-specifically abstract the hydrogen atom 
from the 4*carbon of DNA deoxyribose groups causing double stranded DNA breaks 
with terminal 3'-phosphoglycolate groups which are refractory to normal cellular repair 
mechanisms (Chaudhry et ai (1999) Biochent Pharmacol 57:531-538). Calicheamicin 
20 is a preferred toxic moiety for use in connection with the invention. Antibody 

calicheamicin conjugates have been described (Sievers et d. (1999) Blood 93:3678- 
3684; Lode et a/. (1998) Cancer Res. 58:2925-2928). Other synthetic cytotoxic 
compounds, such as CC- 1 065, have similar DNA-fragmenting mechanisms as 
calicheamicin and are also known in the an (Gunz and Naegeli (1996) Biochem. 
25 Pharmacol. 52:447-453). Antibody- toxic moiety conjugates, in which calicheamicin is 
covalently attached to an antibody through disulfide bonds, have been described 
previously in U.S. Patent Nos. 5,773,001 and 5,739,1 16. 

Another exemplary class of toxic moieties are bacterial toxic moieties which are 
able to form lethal holes in eukaryotic membranes, thus causing cell death without the 
30 need for endocytotic internalization. Aerolysin is one example of such a toxic moiety. 
Aerolysin can form hepatomer channels through a membrane upon binding to a cell 
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surface (Parker et ai (19< 6) Moi Microbiol 19:205-212; Buckley (1991) Experiment 
47:418-419). Molecular conjugates which include aerolysin have been described 
previously in U.S. Patent Na 5,824,776 and 5,8 1 7,77 1 . 

There are numerous methods known in the art for conjugating a toxic moiety to 
5 an antibody such that the activity of the toxic moiety is appropriately delivered upon 
binding of the antibody to a cell (Ghose and Blair (1987) CriL Rev. Ther. Drug Carrier 
Syst. 3:263-359; Hermentin and Seiler (1988) Behring Inst. Mitt. 82:197-215.). For 
example, when the cytotoxic agent is a protein and the second component is an intact 
immunoglobulin, the linkage may be by way of heterobifunctional cross-linkers, e.g., 
10 SPDP, carbodiimide, glutaraldehyde, or the like. Production of various immunotoxins is 
well-known with the art, and can be found, for example in "Monoclonal Antibody-Toxin 
Conjugates: Aiming the Magic Bullet," Thorpe et a/., Monoclonal Antibodies in Clinical 
Medicine, Academic Press, pp. 168-190 (1982), which is incorporated herein by 
reference. The components may also be linked genetically (see, Chaudhary et aL y 
15 Nature 339, 394 (1989), which is herein incorporated by reference). Further methpds for 
conjugating a toxic moiety to an antibody may also found in, for example, Amon et ai 
(1985) "Monoclonal Antibodies For Immunotargeting of Drugs in Cancer Therapy" in 
Monoclonal Antibodies And Cancer Therapy, Reisfeld et ai eds., Alan R. Liss, Inc. pp. 
243-256; Hellstrom et ai (1987) "Antibodies For Drug Delivery'* in Controlled Drug . 
20 Delivery, 2nd ecL Robinson et al. eds., Marcel Dekker, Inc., pp. 623-653; Thorpe ( 1 985) 
"Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A Review" in Monoclonal 
Antibodies '84: Biological and Clinical Applications, Pinchera et ai eds., pp. 475-506; 
"Analysis, Results, And Future Prospective Of The Therapeutic Use Of Radiolabeled 
Antibody In Cancer Therapy" in Monoclonal Antibodies for Cancer Detection and 
25 Therapy, Baldwin et al. eds., Academic Press, pp. 303-316, 1985; and Thorpe et al. 
(1982) Immunol. Rev. 62:119-158. 

For example, in one embodiment, a covalent linkage can be formed between the 
antibody and the toxic moiety. In some cases, the existing cell-binding portion of a 
toxic moiety must first be removed or altered to suppress its non-specific activity 
30 (Hertler and Frankel ( 1 989) J. Clin Oncol. 7: 1 932* 1 942). The covalent linkage of 

antibody t toxic moiety generally involves formation of a thioester or a disulfide bond. 
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DNA methodologies are used obtain antibody heavy and light chain genes, incorporate 
these genes into recombinant expression vectors and introduce the vectors into host 
cells, such as those described in Sambrook, Fritsch and Maniatis (eds). Molecular 
Cloning; A Laboratory Manual, Second Edition, Cold Spring Harbor, N.Y., (1989), 
5 Ausubel, F. M. et al. (eds.) Current Protocols in Molecular Biology, Greene Publishing 
Associates, (1989) and in U.S. Patent No. 4,816,397 by Boss et al. 

To express an anti-CTLA4 antibody, DNA fragments encoding the light and 
heavy chain variable regions are first obtained. These DNAs can be obtained by 
amplification and modification of germline light and heavy chain variable sequences 
1 0 using the polymerase chain reaction (PCR). Germline DNA sequences for human heavy 
and light chain variable region genes are known in the art (see e.g., the "Vbase" human 
germline sequence database: see also Kabat E.A., et al. (1991) Sequences of Proteins of 
Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services, 
NIH Publication No. 91-3242; Tomlinson. I. M., et al. (1992) The Repertoire of 
15 Human Germline V H Sequences Reveals about Fifty Groups of V H Segments with 

Different Hypervariable Loops" J. Mol. Biol. 227:776-798; and Cox, J.P.L. et al. (1994) 
"A Directory of Human Germ-line V K Segments Reveals a Strong Bias in their Usage" 
Eur. J. Immunol. 24:827-836; the contents of each of which are expressly incorporated 
herein by reference). 

20 To express the antibodies, or antigen binding portions of the invention. DNAs 

encoding partial or full-length light and heavy chains, obtained as described above, are 
inserted into expression vectors such that the genes are operatively linked to 
transcriptional and translation^ control sequences. In this context, the term "operatively 
linked" is intended to mean that an antibody gene is ligated into a vector such that 
25 transcriptional and translational control sequences within the vector serve their intended 
function of regulating the transcription and translation of the antibody gene. The 
expression vector and expression control sequences are chosen to be compatible with the 
expression host cell used. The antibody light chain gene and the antibody heavy chain 
gene can be inserted int separate vector or, more typically, both genes are inserted into 
the same expression vector. The antibody genes are inserted into the express' n vector 
by standard methods (e.g., ligation of complementary restriction sites on the antibody 



30 
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regulatory sequences for mammalian host cell expression include viral elements that 
direct high levels of prooin expression in mammalian cells, such as promoters and/or 
enhancers derived from cytomegalovirus (CMV) (such as the CMV promoter/enhancer), 
Simian Vims 40 (SV40) (such as the SV40 promoter/enhancer), adenovirus, {e.g., the 
5 adenovirus major late promoter ( AdMLP)) and polyoma. For further description of viral 
regulatory elements, and sequences thereof, see e.g., U.S. Patent No. 5, 1 68,062 by 
Stinski, U.S. Patent No. 4,510,245 by Bell etal and U.S. Patent No. 4,968,615 by 
Schaffner et al. 

In addition to the antibody chain genes and regulatory sequences, the 

10 recombinant expression vectors of the invention may carry additional sequences, such as 
sequences that regulate replication of the vector in host cells (e.g., origins of replication) 
and selectable marker genes. The selectable marker gene facilitates selection of host 
cells into which the vector has been introduced (see U.S. Patents Nos. 4,399,216, 
4,634,665 and 5,179,017. all by Axel et aL). For example, typically the selectable 

1 5 marker gene confers resistance to drugs, such as G41 8* hygromycin or methotrexate, on 
a host cell into which the vector has been introduced Preferred selectable marker genes 
include the dihydrofolate reductase (DHFR) gene (for use in dhfr host cells with 
methotrexate selection/amplification) and the neo gene (for G4 1 8 sclecuon). 

For expression of the light and heavy chains, the expression vectors) encoding 

20 the heavy and light chains is transfectcd into a host cell by standard techniques. The 
various forms of the term "transfection" are intended to encompass a wide variety of 
techniques commonly used for the introduction of exogenous DNA into a prokaryotic or 
eukaryotic host cell, e.g., electroporation, calcium-phosphate precipitation, DEAE- 
dextran transfection and the like. Although it is theoretically possible to express the 

25 antibodies of the invention in either prokaryotic or eukaryotic host cells, expression of 
antibodies in eukaryotic cells, and most preferably mammalian host cells, is the most 
preferred because such eukaryotic cells, and in particular mammalian cells, are more 
likely than prokaryotic cells to assemble and secrete a properly folded and 
immunologically active antibody. Prokaryotic expression of antibody genes has been 

30 reported to be ineffective for production of high yields of active antibody (Boss, M. A. 
and Wood, C. R. (1985) Immunology Today 6:12-13). 



30 
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the genes. The recombinant expression vector also carries a DHFR gene, which allows 
for selection of CHO cells that have been transfected with the vector using methotrexate 
selection/amplification. The selected transformant host cells are culture to allow for 
expression of the antibody heavy and light chains and intact antibody is recovered from 
5 the culture medium. Standard molecular biology techniques are used to prepare the 
recombinant expression vector, transfect the host cells, select for transformants, culture 
the host cells and recover the antibody from the culture medium. 

Antibodies, (e.g., whole antibodies, their dimers, individual light and heavy 
chains, or other immunoglobulin forms of the present invention), can be purified 

1 0 according to standard procedures of the art, including ammonium sulfate precipitation, 
affinity columns, column chromatography, gel electrophoresis and the like (see, 
generally, R. Scopes, "Protein Purification", Springer-Verlag, N.Y. (1982)). 
Substantially pure immunoglobulins of at least about 90 to 95% homogeneity are 
preferred, and 98 to 99% or more homogeneity most preferred, for pharmaceutical uses. 

1 5 Once purified, partially or to homogeneity as desired, the polypeptides may then be used 
therapeutically (including extracqrporeally) or in developing and performing assay 
procedures, immunofluorescent stainings, and the like. (See, generally. Immunological 
Methods, Vols. I and II, Lefkovits and Pemis, eds.. Academic Press, New York, N.Y. 
(1979 and 1981)). 

20 In view of the foregoing, another aspect of the invention pertains to nucleic acid, 

vector and host cell compositions that can be used for recombinant expression of the 
antibodies and antibody portions of the invention. For example, preferred portions of 
the heavy chain variable region of antibody 26 include: FR1, amino acids 1-28; CDR1, 
amino acids 29-35; FR2, amino acids 36-49; CDR2, amino acids 50-66; FR3, amino 

25 acids 67-97; CDR3, amino acids 98-1 1 1 ; FR4, amino acids 1 12-123. The various 
regions of the light chain variable region of antibody 26 include: FR1, amino acids 1- 
23; CDR1, amino acids 24-33; FR2, amino acids 34-48; CDR2, amino acids 49-55; 
FR3, amino acids 56-77; CDR3, amino acids 78-87; FR4, amino acids 88-106. 

In one aspect the invention pertains to a nucleic acid molecule comprising a 

30 nucleotide sequence shown in SEQ ID NO:3 (mouse antibody 26 VH sequence), 5 
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(tnouse antibody 26 VK sequence), 7 (humanized antibody 26 VK sequence), or 9 
(humanized antibody 26 VH sequence). 

In another aspect, the invention pertains to a polypeptide comprising an amino 
acid sequence shown in SEQ ID NO: SEQ ID NO:4 (mouse antibody 26 VH sequence), 
5 6 (mouse antibody 26 VK sequence), 8 (humanized antibody 26 VK sequence), or 10 
(humanized antibody 26 VH sequence). 

It will be appreciated by the skilled artisan that nucleotide sequences encoding 
antibodies, or portions thereof (<?.g., a CDR domain, such as a CDR3 domain), can be 
derived from the nucleotide sequences encoding the antibody using the genetic code and 
10 standard molecular biology techniques. 

The invention also provides recombinant expression vectors encoding both an 
antibody heavy chain and an antibody light chain. For example, in one embodiment, the 
invention provides a recombinant expression vector encoding: 

a) an antibody light chain having a variable region found in antibody 26 or the 
1 5 humanized form thereof; and 

b) an antibody heavy chain having a variable region found in antibody 26 or the 
humanized form thereof. 

The invention also provides host cells into which one or more of the recombinant 

* 

expression vectors of the invention have been introduced Preferably, the host cell is a 
20 mammalian host cell, more preferably the host cell is a CHO cell, an NSO cell or a COS 
cell. 

Still further the invention provides a method of synthesizing a recombinant 
human antibody of the invention by culturing a host cell of the invention in a suitable 
culture medium until a recombinant human antibody of the invention is synthesized. 
25 The method can further comprise isolating the recombinant human antibody from the 
culture medium. 

In one embodiment, anti CTLA4 antibodies can be administered in multivalent 
form (e.g., to downmodulate an immune response) CTLA4 antibodies or antigen 
binding portions thereof can be incorporated into constructs for downmodulating the 
30 immune response by expressing them on or attaching them to a surface that, upon 

introduction into a subject, would be exposed to the extracellular milieu. In this manner. 
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the antigen binding port on of the antibody is available to bind to the appropriate 
molecules expressed on a T cell of the subject to which the constructs are administered. 

Such constructs can comprise a surface which acts to anchor an antigen-binding 
portion of an antibody that binds to CTLA4. A variety of different surfaces can be used 
5 in making the constructs of the invention. For example, in one embodiment, antibody 
binding portions can be attached to polymers comprising an exposed surface. 
Exemplary polymers include polysaccharides, acrylic polymers (e.g., polyacrolein or 
polystyrene or poly (alpha-hydroxy acids)), lactic acid polymers, or copolymers such as, 
polymers of lactic and glycolic acids. Beads and microbeads comprising a surface to 
10 which antigen binding portions of anti-CTLA4 antibody can be attached are known in 
the art (see, e.g., U.S. Patent 5,871,747 and the like). 

In another embodiment, such a construct can comprise a lipid bilayer. For 
example, a construct can be an acellular construct, e.g., a liposome or a micelle. In yet 
another embodiment, a construct for use in the instant invention is a cell, such as a 

1 5 prokaryotic or a eukaryotic cell. Cells may be derived from any tissue or organ. 

Exemplary cells are derived from peripheral blood. Preferred cells include cells that can 
be maintained in culture. 

In one embodiment, a cell for use in a construct of the invention is a syngeneic 
cell. In another embodiment, a cell for use in a construct of the invention is an 

20 allogeneic cell. In yet another embodiment, a cell for use in a construct of the invention 
is a xenogeneic cell. In one embodiment, e.g., when the cell is an allogeneic or a 
xenogenic cell, the cell is selected to provide a missing or diminished function in the 
subject For example, in the case of a subject that would benefit from transplantation of 
a liver cell, a liver cell can be used in the subject construct 

25 A cell for use in a construct of the invention can be a wild-type (naturally 

occurring) cell or can comprise alterations that optimize its use in the subject constructs. 
In another embodiment such a cell can be altered to express molecules which enhance 
its ability to bind to a T cell in a subject eg., by altering the cell to express adhesion 
molecules. For example, such a cell can be altered to eliminate expression of molecules 

30 that promote immunostimulation (e.g., CD28 or cytokines). In another example, such a 
cell can be altered to modify the ability of such a cell to process antigen so that the 
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peptides presented by the cell can be controlled (e.g., by introducing a defect in antigen 
processing, see e.g., U.S. patent 5,73 1 . 1 60). 

Surface-bound anti-CTLA4 antibodies can be attached to an exposed surface 
using a variety of art-recognized techniques, e.g., US Patent 6,046, 1 73. For example, in 
5 one embodiment a molecule for attachment can be associated with the exposed surface 
of the construct, e.g., in a covalent linkage. Covalent linkage includes, e.g., linkage by a 
Afunctional coupling agent and oxidative linkage. In one embodiment a molecule for 
attachment can be attached to the exposed surface directly (e.g., to the surface itself). In 
another embodiment, a molecule can be attached indirectly (e.g., attached to another 
1 0 molecule, such as a lipid (e.g., a fatty acid chain or prenyl group) or a polypeptide, 
present on the exposed surface. 

Many Afunctional coupling agents arc useful for coupling organic molecules 
possessing various types of functional groups to proteins, including antibody molecules. 
The conjugation of organic molecules to proteins, including proteins possessing 
1 5 antibody specificity, is well-known in the art and is described, for example, in P. 

Tijssen, "Practice and Theory of Enzyme Immunoassays" (Elsevier. Amsterdam, 1985), 
pp. 279-296, incorporated herein by this reference. 

Briefly, organic molecules containing carboxyl groups or that can be 
carboxylated, can be coupled by the mixed anhydride reaction, by reaction with a water- 
20 soluble carbodiimide. or esterification with N-hydroxysuccinimide. Carboxylation can 
be performed by reactions such as alkylation of oxygen or nitrogen substituents with 
haloesters, followed by hydrolysis of the ester, or the formation of hemisuccinate esters 
or carboxymcthyloximes on hydroxy I or ketone groups of steroids. 

Organic molecules with amino groups or nitro groups reducible to amino groups 
25 can be converted to diazonium salts and reacted with proteins at mildly alkaline pR for 
aromatic amines. Organic molecules with aliphatic amines can be conjugated to proteins 
by various methods, including reaction with carbodiimides, reaction with the 
homobifunctional reagent tolylene-2,4-diisocyanate, or reaction with maleimide 
compounds. Aliphatic amines can also be converted to aromatic amines by reaction with 
30 p-nitrobenzoylchloride and subsequent reduction to a p-aminobenzoylamide, which can 
then be coupled to proteins after diazotization. Also, Afunctional imidate esters, such as 
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dimethylpimelimidate, dimethyladipimidate. ordimethylsuberimidate, can be used to 
conjugate amino group-containing organic molecules to proteins. 

Thiol-containing organic molecules can be conjugated to proteins with 
malemides, such as 4-(N-maleimidomcthyl)-cyclohexane-l-carboxylic acid N- 
5 hydroxysuccinimide ester. 

For organic molecules with hydroxy! groups, an alcohol function can be 
converted to the hemisuccinate, which introduces a carboxyl group available for 
conjugation. Alternatively, the Afunctional reagent sebacoyldichloride converts an 
alcohol to an acid chloride, which then reacts with proteins. 

10 Phenols can be activated with diazotized p-aminobenzoic acid, which introduces 

a carboxyl group, and can then be reacted with the proteins by the mixed anhydride 
reaction. Sugars can be activated by forming a p-nitrophenyl glycoside, followed by 
reduction of the nitro group to an amino group and conjugation by diazotization. Other 
methods include the cleavage of vicinal glycols of sugars to aldehydes by reaction with 

15 periodate, followed by coupling to amines by reductive alkylation with sodium 

borohydhde. Alternatively, hydroxyl containing organic molecules can be conjugated 
after conversion to chlorocarbonates by reaction with phosgene. 

For organic molecules with aldehyde or ketone groups, carboxyl groups can be 
introduced through the formation of O-carboxymethyloximes. Ketone groups can also be 

20 derivatized with p-hydrazinobenzoic acid to produce carboxyl groups. 

Organic molecules containing aldehydes can be directly conjugated through the 
formation of Schiff bases that are stabilized by reaction with a reducing agent such as 
sodium borohydride. 

Oxidative linkages can also be used. Oxidative linkage is particularly useful 

25 when coupling radioactive iodine to antibodies. Suitable methods include: (1) chemical 
oxidation with chloramine-T; (2) chemical oxidation with iodogen (U,4,6-tetrachloro 
3.aIpha.,6.alpha.-diphcnylgIycoIuril); (3) oxidation with the enzyme lactoperoxidase. 
Although not an oxidative procedure, another useful method for labeling with iodine is 
with l23 I N-succinimidyl 3-<4-hydroxyphenyIpn>pionate), generally known as Bolton- 

30 Hunter reagent These techniques are described, e.g., in E. Harlow and D. Lane, 
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Nucleic acid sequences encoding the selected molecules for expression in the 
invention may be obtained using known procedures for molecular cloning and 
replication of the vector or plasmid carrying the sequences in a suitable host cell. 

Nucleic acid sequences for use in the present invention may also be produced in 
part or in total by chemical synthesis, e.g. by the phosphoramidite method described 
by Beaucage and Carruthers, Tetra. Letts. 22: 1859-1862 (1981), or the triester method 
(Matteucci et al., J. Am. Chem. Soc. 103:3185 (1981)), and may be performed on 
commercial automated oligonucleotide synthesizers. A double-stranded fragment may 
be obtained from the single-stranded product of chemical synthesis either by 
synthesizing the complementary strand and annealing the strand together under 
appropriate conditions, or by synthesizing the complementary strand using DNA 
polymerase with an appropriate primer sequence. 

The natural or synthetic nucleic acid fragments coding for a desired sequence 
may be incorporated into vectors capable of introduction into and replication in a 
prokaryotic or eukaryotic cell. Usually the vectors are suitable for replication in a 
unicellular host, such as yeast or bacteria, but may also be introduced into cultured 
mammalian or plant or other eukaryotic cell lines, with or without integration within 
the genome. The vectors will typically comprise an expression system recognized by. 
the host cell, including the intended recombinant nucleic acid fragment encoding the 
desired polypeptide. The vectors will also contain a selectable marker, i.e. a gene 
encoding a protein needed for the survival or growth of a host cell transformed with 
the vector. The presence of this gene ensures the growth of only those host cells which 
express the inserted nucleic acid of interest Typical selection genes encode proteins 
that 1) confer resistance to antibiotics or other toxic substances, e.g. ampicillin, 
neomycin, methotrexate, etc.; b) complement auxotrophic deficiencies, or c)supply 
critical nutrients not available from complex media, e.g. the gene encoding D-alanine 
racemase for Bacilli. The choice of the proper selectable marker will depend on the 
host cell, and appropriate markers for different hosts are well known in the art. Such 
vectors may be prepared by means of standard recombinant techniques well known in 
the art (Sambro k et al., (1989); Ausubel et al., (1987)). 
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For gene transfer into the cells to express the selected molecules, nucleic acid 
may be directly introduced ex vivo in the form of 'naked" nucleic acid, e.g. by 
microinjection, electroporation, as calcium-phosphate-DNA gels, with DEAE dextraiu 
or in encapsulated form, e.g. in vesicles such as liposomes, or in a suitable viral 
5 vector. 

Vectors containing the nucleic acid encoding the desired molecules for 
expression are preferably recombinant expression vectors in which high levels of gene 
expression may occur, and which contain appropriate regulatory sequences for 
transcription and translation of the inserted nucleic acid sequence. Regulatory 

10 sequences refers to those sequences normally associated (e.g. within 50 kb) of the 
coding region of a locus which affect the expression of the gene (including 
transcription of the gene, and translation, splicing, stability or the like, of the 
messenger RNA). A transcriptional regulatory region encompasses all the elements 
necessary for transcription, including the promoter sequence, enhancer sequence and 

15 transcription factor binding sites. Regulatory sequences also include, inter alia, splice 
sites and polyadenylation sites. An internal ribosomal entry site(IRES) sequence may 
be placed between recombinant coding sequences to permit expression of more than 
one coding sequence with a single promoter. 

Exemplary transcriptional control regions include: the SV40 early promoter 

20 region, the cytomegalovirus (CMV) promoter (human CMV IE 94 promoter region 

(Boshart et al, Cell, 41:521-530 (1985)); the promoter contained in the 3' long terminal 
repeat of Rous sarcoma virus or other retroviruses; the herpes thymidine kinase 
promoter; the regulatory sequences of the methallothionein gene; regions from the 
human IL-2 gene (Fujita et al., Cell, 46:40 M07 (1986)); regions from the human IFN 

25 gene (Ciccarone et al., J. Immunol. 144:725-730 (1990)); regions from the human IFN 
gene (Shoemaker et al. t Proc. Natl. Acad. Sci. USA 87:9650-9654(1990)); regions 
from the human IL-4 gene (And et al., J. Immunol. 142:274-282 (1989)); regions 
from the human lymphotoxin gene (Nedwin et al., Nucl. Acids! res. 13:6361-6373 
(1985)); regions from the human granulocyte-macrophage CSF gene (GM-CSF) 

30 (Miyatake et al., EMBO J. 4:2561-2568 (1985)); and others. When viral vectors are 
employed, recombinant coding sequences may be positioned in the vector so that their 
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expression is regulated by regulatory sequences such as promoters naturally residing 
in the viral vector. 

In addition, operational elements may include leader sequences, termination 
codons, and other sequences needed or preferred for the appropriate transcription and 
5 subsequent translation of the inserted nucleic acid sequences. 

Secretion signals may also be included whether from a native protein, or from 
other secreted polypeptides of the same or related species, which permit the molecule 
to enter cell membranes, and attain a functional conformation. 

It will be understood by one skilled in the art that the correct combination of 
1 0 expression control elements will depend on the recipient ("host") cells chosen to 
express the molecules. The expression vector should contain additional elements 
needed for the transfer and subsequent replication of the expression vector containing 
the inserted nucleic acid sequences in the host cells. Examples of such elements 
include, but are not limited to, origins of replication and selectable markers. 
1 5 The vector may contain at least one positive marker that enables the selection of 

cells carrying the inserted nucleic acids. The selectable molecule may be a gene 
which, upon introduction into the cell, expresses a dominant phenotype permitting 
positive selection of cells carrying the gene. Genes of this type are known in the art 
and include, for example, drug resistance genes such as hygromycin-B 
20 phosphotransferase (hph) which confers resistance to the antibiotic G4 1 8; the 
aminoglycoside phosphotransferase gene (neo or aph) from Tn5 which codes for 
resistance to the antibiotic G41 8; the dihydrofolatc reductase (DHRF) gene; the 

i 

adenosine deaminase gene (ADA) and the multi-drug resistance (MDR) gene. 

Suitable vectors for the invention may be plasmid or viral vectors, including 

25 baculoviruses, adenoviruses, poxviruses, adenoassociated viruses (AAV), and 

retroviral vectors (Price et al, Proc. Natl. Acad. Sci. USA 84:156-160 (1987) such as 
the MMLV based replication incompetent vector pMV-7 (Kirschmeier et aL, DNA 
7:2 1 9-225 (1 988)), as well as human and yeast artificial chromosomes (HACs and 
YACs). Plasmid expression vectors include plasmids including pBR322, pUC or 

30 Bluescript TM (Straiagene, San Diego, Calif.). Exemplary vect rs are described e.g., 
in U.S. Patents 6,040,147; 6,033,908; 6,037,172; 6,027,722; 5,741,486; 5,656,465. 
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permitting them to function in their intended manner. For instance, a promoter is 
operably linked to a coding sequence if the promoter effects its transcription or 
expression. 

The nucleic acid sequences encoding the proteins or protein fragments selected 
5 for expression in may be inserted in a single vector or in separate vectors. More than 
one gene encoding a selected polypeptide, or portion thereof, may be inserted into a 
single vector or in separate vectors. 

Expression of recombinant genes of interest after introduction into APCs is 
confirmed by immunoassays or biological assays for functional activity of the protein 
1 0 product For example, expression of introduced molecules into cells may be confirmed 
by detecting the binding of labeled antibodies specific for the molecules to the cells 
using assays well known in the art such as FACS(FIuorescent Activated Cell Sorting) 
or ELISA (enzyme-linked immunoabsorbent assay). 

Biological activity of the engineered cells can be verified, for example, in in 
15 vitro assays. The ability of the cells of the invention to function as desired, e.g. to bind 
to CTLA4 and to downmodulate an immune response may be tested using standard in 
vitro and/or in vivo assays. 

VI. Pharmaceutical Compositions 

20 CTLA4 antibodies or antigen binding portions thereof (including antibody or 

antibody binding portion toxic moiety-conjugates) of the invention can be incorporated 
into compositions, e.g. , pharmaceutical compositions suitable for administration. Such 
compositions typically comprise the nucleic acid molecule, protein, or antibody and a 
pharmaceutically acceptable carrier. As used herein the language "pharmaceutical^ 

25 acceptable carrier" is intended to include any and all solvents, dispersion media, 

coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, 
and the like, compatible with pharmaceutical administration. The use of such media and 
agents for pharmaceutically active substances is well known in the art Except insofar as 
any conventional media or agent is incompatible with the active compound, use thereof 

30 in the compositions is contemplated. Supplementary active compounds can also be 
incorporated int the compositions. 
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A pharmaceutical composition of the invention is formulated to be compatible 
with its intended route of administration. Examples of routes of administration include 
parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation), 
transdermal (topical), transmucosal, and rectal administration. Solutions or suspensions 
5 used for parenterals intradermal, or subcutaneous application can include the following 
components: a sterile diluent such as water for injection^ saline solution, fixed oils, 
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; 
antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as 
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic 
1 0 acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of 
tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or bases, 
such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be 
enclosed in ampoules, disposable syringes or multiple dose vials made of glass or 
plastic. 

15 Pharmaceutical compositions suitable for injectable use include sterile aqueous 

solutions (where water soluble) or dispersions and sterile powders for the 
extemporaneous preparation of sterile injectable solutions or dispersion. For 
intravenous administration, suitable carriers include physiological saline, bacteriostatic 
water, Cremophor EL™ (BASF, Parsippany, NJ) or phosphate buffered saline (PBS). In 

20 all cases, the composition must be sterile and should be fluid to the extent that easy 
syringeability exists. It must be stable under the conditions of manufacture and storage 
and must be preserved against the contaminating action of microorganisms such as 
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid 

25 polyetheylene glycol, and the like), and suitable mixtures thereof. The proper fluidity 
can be maintained, for example, by the use of a coating such as lecithin, by the 
maintenance of the required particle size in the case of dispersion and by the use of 
surfactants. Prevention of the action of microorganisms can be achieved by various 
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, 

30 ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to include 
isotonic agents, for example, sugars, polyalcohols such as manitol. sorbitol, sodium 
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chloride in the composition. Prolonged absorption of the injectable compositions can be 
brought about by including in the composition an agent which delays absorption, for 
example, aluminum monostearate and gelatin. 

Sterile injectable solutions can be prepared by incorporating the active 
5 compound (e.g. % I CTLA4 protein or anti-CTLA4 antibody) in the required amount in an 
appropriate solvent with one or a combination of ingredients enumerated above, as 
required, followed by filtered sterilization. Generally, dispersions are prepared by 
incorporating the active compound into a sterile vehicle which contains a basic 
dispersion medium and the required other ingredients from those enumerated above. In 
10 the case of sterile powders for the preparation of sterile injectable solutions, the 

preferred methods of preparation are vacuum drying and freeze-drying which yields a 
powder of the active ingredient plus any additional desired ingredient from a previously 
steriie-filtered solution thereof. 

Oral compositions generally include an inert diluent or an edible carrier. They 

IS can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the active compound can be incorporated with excipients and 
used in the form of tablets, troches, or capsules. Oral compositions can also be prepared 
using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier is 
applied orally and swished and expectorated or swallowed. Pharmaceutically 

20 compatible binding agents, and/or adjuvant materials can be included as part of the 
composition. The tablets, pills, capsules, troches and the like can contain any of the 
following ingredients, or compounds of a similar nature: a binder such as 
microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or 
lactose, a disintegrating agent such as alginic acid, Primogel, or com starch; a lubricant 

25 such as magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide; a 
sweetening agent such as sucrose or saccharin; or a flavoring agent such as peppermint, 
methyl salicylate, or orange flavoring. 

For administration by inhalation, the compounds are delivered in the form of an 
aerosol spray from pressured container or dispenser which contains a suitable propellant, 

30 e.g., a gas such as carbon dioxide, or a nebulizer. 
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Systemic administration can also be by transmucosal or transdermal means. For 
transmucosal or transdermal administration, penetrants appropriate to the barrier to be 
permeated arc used in the formulation. Such penetrants are generally known in the art, 
and include, for example, for transmucosal administration, detergents, bile salts, and 
5 fusidic acid derivatives. Transmucosal administration can be accomplished through the 
use of nasal sprays or suppositories. For transdermal administration, the active 
compounds arc formulated into ointments, salves, gels, or creams as generally known in 
the art. 

The compounds can also be prepared in the form of suppositories (e.g.. with 

10 conventional suppository bases such as cocoa butter and other glycerides) or retention 
enemas for rectal delivery. 

In one embodiment, the active compounds are prepared with carriers that will 
protect the compound against rapid elimination from the body, such as a controlled 
release formulation, including implants and microencapsulated delivery systems. 

15 Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate, 
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. 
Methods for preparation of such formulations will be apparent to those skilled in the art. 
The materials can also be obtained commercially from Alza Corporation and Nova 
Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to infected 

20 cells with monoclonal antibodies to viral antigens) can also be used as pharmaceutical^ 
acceptable carriers. These can be prepared according to methods known to those skilled 
in the art, for example, as described in U.S. Patent No. 4,522,8 11. 

It is especially advantageous to formulate oral or parenteral compositions in 
dosage unit form for ease of administration and uniformity of dosage. Dosage unit form 

25 as used herein refers to physically discrete units suited as unitary dosages for the subject 
to be treated; each unit containing a predetermined quantity of active compound 
calculated to produce the desired therapeutic effect in association with the required 
pharmaceutical carrier. The specification for the dosage unit forms of the invention are 
dictated by and directly dependent on the unique characteristics of the active compound 

30 and the particular therapeutic effect to be achieved, and the limitations inherent in the art 
of compounding such an active compound for the treatment of individuals. 
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can include a single treatment or, preferably, can include a series 
of treatments. In a preferred example, a subject is treated with antibody in the range of 
between about 0. 1 to 20 mg/kg body weight, one time per week for between about 1 to 
10 weeks, preferably between 2 to 8 weeks, more preferably between about 3 to 7 
5 weeks, and even more preferably for about 4, 5, or 6 weeks. It will also be appreciated 
that the effective dosage of antibody used for treatment may increase or decrease over 
the course of a particular treatment. Changes in dosage may result from the results of 
diagnostic assays as described herein. 

In one embodiment, a pharmaceutical composition for injection could be made 
10 up to contain 1 ml sterile buffered water, and 1 to 50 mg of antibody. A typical 
composition for intravenous infusion could be made up to contain 250 ml of sterile 
Ringer's solution, and 1 50 mg of antibody. Actual methods for preparing parenterally 
administrable compositions will be known or apparent to those skilled in the art and are 
described in more detail in, for example. Remington's Pharmaceutical Science, 1 5th ed., 
15 Mack Publishing Company, Easton, Pa. (1980), which is incorporated herein by 

reference. The compositions containing the present human- like antibodies or a cocktail 
thereof can be administered for prophylactic and/or therapeutic treatments. In 
therapeutic application, compositions are administered to a patient already suffering 
from a disease, in an amount sufficient to cure or at least partially arrest the disease and 
20 its complications. An amount adequate to accomplish this is defined as a 

"therapeutically effective dose.** Amounts effective for this use will depend upon the 
severity of the infection and the general state of the patients own immune system, but 
generally range from about 1 to about 200 mg of antibody per dose, with dosages of 
from 5 to 25 mg being more commonly used. It must be kept in mind that the materials 
25 of this invention may generally be employed in serious disease states, that is life- 
threatening or potentially life-threatening situations. In such cases, in view of the 
minimization of extraneous substances and the lower probability of "foreign substance" 
rejections which arc achieved by the present human-like antibodies of this invention, it 
is possible and may be felt desirable by the treating physician to administer substantial 
30 excesses of these antibodies. In prophylactic applications, compositions containing the 
present antibodies or a cocktail thereof are administered to a patient not already in a 
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disease state to enhance the patient's resistance. Such an amount is defined to be a 
"prophylactically effective dose/' In this use, the precise amounts again depend upon the 
patient's state of health and general level of immunity, but generally range from 0. 1 to 
25 mg per dose, especially 0.5 to 2.5 mg per dose. A preferred prophylactic use is for 
5 the prevention of kidney transplant rejection. Single or multiple administrations of the 
compositions can be carried out with dose levels and pattern being selected by the 
treating physician. In any event, the pharmaceutical formulations should provide a 
quantity of the antibody(ies) of this invention sufficient to effectively treat the patient. 
The pharmaceutical compositions can be included in a container, pack, or 
1 0 dispenser together with instructions for administration. Kits for practice of the instant 
invention are also provided. For example, such a diagnostic kit comprises an antibody 
reactive with CTL A4 conjugated to a toxic moiety. The kit can further comprise a 
means for administering the antibody conjugate, e.g., one or more syringes. The kit can 
come packaged with instructions for use. 

15 

VII. Uses and Methods of the Invention 

The antibodies or antigen binding portions thereof described herein (including 
toxic moiety conjugates) can be used in one or more of the following methods of 
treatment, e.g., up- or down-modulating the immune response. Such methods involve 

20 contacting an antibody of the invention with a T cell. The step of contacting can be 
performed either in vitro or in vivo. In addition to the therapeutic methods described 
below, the antibodies of the instant invention can be used for research purposes, e.g., in 
staining for CTLA4 bearing cells, e.g., by forms of the antibodies which have been 
labeled with a detectable label, or by using a secondary antibody which is conjugated to 

25 a detectable label. In addition, in another embodiment, the subject antibodies can be 
used in methods of isolating CTLA4 bearing cells, as well as in methods of purifying 
CTLA4 to homogeneity, for example, using an affinity column. 
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A. Methods of Treatment : 

The present invention provides for both prophylactic and therapeutic methods of 
treating a subject at risk of (or susceptible to) a disorder or having a disorder associated 
with aberrant or undesirable CTLA4 expression or activity. 

5 

1. Prophylactic Methods 

In one aspect, the invention provides a method for preventing in a subject, a 
disease or condition associated with aberrant CTLA4 expression or activity or aberrant T 
cell activation, by administering to the subject an ami-CTLA4 antibody or conjugate 

10 thereof, or an agent which modulates CTLA4 polypeptide expression or at least one 

CTLA4 or T cell activity. Subjects at risk for a disease which is caused or contributed to 
by aberrant or undesirable CTLA4 expression or activity or undesirable T cell activation 
can be identified by, for example, any or a combination of diagnostic or prognostic 
assays known in the art. Administration of a prophylactic agent can occur prior to the 

1 5 manifestation of symptoms for which modulation of CTLA4 activity would be 

beneficial, such that a disease or disorder is prevented or, alternatively, delayed in its 
progression. Depending on the type of CTLA4 aberrance or condition various forms of 
anti-CTLA4 antibodies may be administered. For example, a soluble, monovalent form 
of an anti-CTLA4 antibody or a multivalent, cross-linked form of an activating or a 

20 blocking anti-CTLA4 antibody can be used for treating the subject In addition, it is 
possible to target populations of CTLA4 bearing cells for elimination using an ami* 
CTLA4 antibody that has been conjugated to a toxic moiety to prevent or delay the 
progression of a disorder associated with overexpansion or overactivity of CTLA4- 
bearing cells. 

25 

2. Therapeutic Methods 

Another aspect of the invention pertains to methods of modulating CTLA4 
expression or activity for therapeutic purposes. CTLA4 has been demonstrated to 
transmit an inhibitory signal to immune cells upon binding to costimulatory molecules 
30 on antigen presenting cells. Accordingly, the activity and/or expression of CTLA4 as 
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well as the interaction between CTLA4 and costimulatory molecules can be modulated 
in order to modulate the immune response. 

Modulatory methods of the invention involve contacting a T cell with an 
antibody that recognizes CTLA4 or a toxic moiety conjugate thereof. 
5 These antibodies can be administered in vitro (e.g., by contacting the cell with 

the agent) or, alternatively, in vivo (e.g., by administering the agent to a subject). As 
such, the present invention provides methods of treating an individual afflicted with a 
disease or disorder that would benefit from modulation of a CTLA4 protein activity, 
e.g., a disorder which would benefit from up or downmodulation of the immune 

10 response, or which is characterized by aberrant expression or activity of a CTLA4 
protein or nucleic acid molecule. In one embodiment, the method involves 
administering an antibody, or combination of antibodies that modulates (e.g., 
upregulates or downregulates) CTLA4 expression or activity or T cell activity. 
Preferably, costimulation of T cells is modulated resulting in modulation of the immune 

1 5 response. 

Stimulation of CTLA4 activity is desirable in .ri/uations in which CTL A4 is 
abnormally downregulated and/or in which increased CTLA4 activity is likely to have a 
beneficial effect. Likewise, inhibition of CTLA4 activity is desirable in situations in 
which CTLA4 is abnormally upregulated and/or in which decreased CTLA4 activity is 
20 likely to have a beneficial effect. 

3. Downregulation of Immune Responses by Modulation of CTLA4 
There are numerous means by which the inhibitory function of a CTLA4 
polypeptide can be promoted to thereby downregulate immune responses. In one 
25 embodiment, an anti-CTLA4 activating antibody that acts as a CTLA4 agonist in soluble 
form is used to transmit a negative signal to a T cell via CTLA4. 

In another embodiment, an anti«CTLA4 antibody of the invention is used in 
multivalent form, e.g., is presented on a bead or crosslinked with a second antibody that 
recognizes the anti-CTLA4 antibody such that CTLA4 molecules on the surface of a T 
30 cell are cross- linked. 
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The CTLA4 molecule is only present on activated T ceils, therefore, anti-CTLA4 
antibodies conjugated to toxic moieties are a means of targeting the destruction of 
activated T cells. In addition, an immune response can be downmodulated by the use of 
an anti-CTLA4 antibody conjugated to a toxic moiety molecule to selectively eliminate 
5 activated, CTLA4 bearing T ceils. Downiegulation can be in the form of inhibiting or 
blocking an immune response already in progress or may involve preventing the 
induction of an immune response. The functions of activated T cells can be inhibited bv 
down-regulating immune cell responses or by inducing specific anergy in immune cells, 
or both. 

10 In one embodiment of the invention, an antibody used to downmodulate a 

CTLA4 activity or a T cell activity is a bispecific antibody. For example, such an 
antibody can comprise a CTLA4 binding site and another binding site which targets a 
cell surface receptor on a T cell. For example, in one embodiment, such an antibody, in 
addition to comprising a CTLA4 binding site can further comprise a binding site which 

15 binds, e.g.. to a T-ccll antigen receptor in order to more efficiently target the molecule to 
a specific cell population. 

Antibodies that mimic interaction of CTLA4 with a costimulatory molecule (e.g., 
CTLA4 activating antibodies or multivalently presented antibodies) can be identified by 
their ability to inhibit immune cell proliferation and/or effector function or to induce 

20 anergy when added to an in vitro assay. For example, cells can cultured in the presence 
of an agent that stimulates signal transduction via an activating receptor. A number of 
art recognized readouts of cell activation can be employed to measure the ability of an 
antibody to transmit a negative signal, e.g.. by measuring its effect on cell proliferation 
or T cell effector function (e.g., cytokine production) in the presence of the activating 

25 agent. The ability of a test agent to block this activation can be readily determined by 
measuring the ability of the agent to effect a decrease in proliferation or effector function 
being measured. 

In one embodiment of the invention, tolerance is induced against specific 
antigens by co-administering an antigen with an anti-CTLA4 antibody. For example, 
30 tolerance can be induced to specific proteins therapeutic proteins). In one 

embodiment, immune responses to allergens or foreign proteins to which an immune 
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response is undesirable can be inhibited. For example, patients that receive Factor VIII 
frequently generate antibodies against this clotting factor. Co-administration of an 
inhibitory form of an anti-CTLA4 antibody or a toxic moiety conjugate thereof, in 
combination with recombinant factor VIII (or by physically linked to Factor VIII, e.g., 
5 by cross-linking) can result in downmodulation of the immune response. 

Other immunomodulatory agents can be administered in combination with the 
subject antibodies or conjugates. Examples of other immunomodulating reagents 
include antibodies that block a costimulatory signal, {e.g., against CD28, ICOS), 
antibodies against other immune cell markers (e.g., against CD40, against CD40 ligand, 

10 or against cytokines), fusion proteins (eg., CTLA4-Fc), and immunosuppressive drugs, 
(e.g., rapamycin, cyclosporin A or FK506). 

Activating a CTLA4 inhibitory function (e.g., by stimulation of the negative 
signaling function of CTLA4 or targeting CTLA4 with an antibody conjugate) is useful 
to downmodulate the immune response, e.g.. in situations of tissue, skin and organ 

1 5 transplantation, in graft-versus-host disease (GVHD), or in autoimmune diseases such as 
systemic lupus erythematosus, and multiple sclerosis. For example, blockage of 
immune cell function results in reduced tissue destruction in tissue transplantation. 
Typically, in tissue transplants, rejection of the transplant is initiated through its 
recognition as foreign by immune cells, followed by an immune reaction that destroys 

20 the transplant The administration of an antibody which activates a CTLA4 molecule or 
an antibody- toxic moiety conjugate that binds to CTLA4, alone or in combination with 
another downmodulatory agent prior to or at the time of transplantation, can inhibit the 
immune response. Moreover; promotion of a CTLA4 inhibitory signal may also be 
sufficient to anergize the immune cells, thereby inducing tolerance in a subject In one 

25 embodiment anti-CTLA4 can induce long term tolerance in a subject and may avoid the 
necessity of repeated administration of these blocking reagents. 

To achieve sufficient immunosuppression or tolerance in a subject it may also 
be desirable to block the costimulatory function of other molecules. For example, it may 
be desirable to block the function of B7-1, B7-2, or B7-1 and B7-2 by administering a 

30 soluble form of a combination of peptides having an activity of each of these antigens or 
blocking antibodies against these antigens (separately or together in a single 
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skin. In addition, systemic viral diseases such as influenza, the common cold, and 
encephalitis might be alleviated by the administration of such agents systemically. 

In certain instances, it may be desirable to further administer other agents that 
upregulate immune responses, for example, forms of B7 family members that transduce 
5 signals via costimulatory receptors, in order further augment the immune response. 

Alternatively, immune responses can be enhanced in an infected patient by 
removing immune cells from the patient, contacting immune cells in vitro with an 
antibody that inhibits transduction of an inhibitory signal via CTLA4, and reintroducing 
the in vitro stimulated immune cells into the patient. 
10 Antibodies that inhibit transduction of an inhibitory signal via CTLA4 can be 

used prophylactically in vaccines against various polypeptides, e.g.. polypeptides 
derived from pathogens. Immunity against a pathogen, e.g., a virus, can be induced by 
vaccinating with a viral protein along with a an antibody that inhibits transduction of an 
inhibitory signal via CTLA4 in an appropriate adjuvant. 
*5 In another embodiment the immune response can be stimulated by inhibiting 

signaling via an inhibitory receptor that binds to a costimulatory molecule, e.g.. CTLA4, 
such that preexisting tolerance is overcome. For example, immune responses against 
antigens to which a subject cannot mount a significant immune response, e.g., tumor 
specific antigens can be induced by administering an agent that inhibits the inhibitory 
20 activity of CTLA4. CTLA4 antagonists can be used as adjuvants to boost responses to 
foreign antigens in the process of active immunization. 

In one embodiment, immune cells are obtained from a subject and cultured ex 
vivo to in the presence of an antibody that that inhibits a CTLA4 inhibitory signal, to 
expand the population of immune cells. In a further embodiment the immune cells are 
25 then administered to a subject. Immune cells can be stimulated to proliferate in vitro by, 
for example, providing to the immune cells a primary activation signal and a 
costimulatory signal, as is known in the art. The costimulatory molecule can be, e.g., 
soluble* attached to a cell membrane or attached to a solid surface, such as a bead. 
Antibodies that inhibit signaling via CTLA4 can also be used to costimulate 
30 proliferation of immune cells. In one embodiment immune cells are cultured ex vivo 
according to the method described in PCT Application No. WO 94/29436. 
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The isorype of the Mabs were determined by solid phase ELISA. Purified 
rhCTLA4IgGlFc was coated onto 96 -well microliter plates, antibody added and 
detected by different isotype-specific biotin-conjugated goat anti-mouse 
immunoglobulins (Zymed). Streptavidin conjugated with horseradish peroxidase (HRP) 
5 was added and specifically bound enzyme was measured using a colorimetric substrate. 
Antibodies 25, 26, 27, 29, 33, 34, 35, 36, or 38 were identified. The results of this solid 
phase assay demonstrate that all antibodies tested were of the IgGl isotype. Antibody 
26 was subcloned and is also referred to as antibody 26B. 



10 Example 2: Anti-CTLA4 antibodies varied in their ability to inhibit the binding of 
CTLA4 to CD80/CD86. 

ELISA plates were incubated with 10 ug/ml human CTLA4-Ig overnight Plates 
were washed with PBS/1%BSA and incubated with serial dilutions of primary antibody 
for 2 hrs at room temperature (RT). After washing, saturating concentrations of AP- 
IS conjugated goat anti-mouse antibody were added, and incubated for 1 hr at RT. 

Unbound goat antibodies were washed using PBS/1% BSA. The assay was developed 
using ABTS. Figures 1 A-IC illustrates that each antibody in the panel of nine 
antibodies tested binds to CTLA4. The data are expressed as OD 405 absorbance 
values. 

20 Inhibition assays were performed to assess the ability of these antibodies to block 

binding of CD80 and CD86 to CTLA4. ELISA were performed as described above with 
modifications. After incubation with primary antibody for 2 hr at RT, a fixed 
concentration (0.66 ug/ml) of biotin-conjugated CD80-Ig or CD86-Ig was added and 
further incubated for 1 hr at RT. After washing, saturating concentrations of 

25 neulravidin-AP were added, and incubated for 1 hr at RT. Unbound neutravidin-AP was 
washed using PBS/1% BSA. The assay was developed using ABTS- The percent 
inhibition is depicted on the Y axis. The results for inhibition of CD86 binding are 
shown in Figures lD-lFand the results for CD80 binding are shown in Figures 1G-1I. 
These data illustrate that antibodies 29 and 33 failed to block the binding of CTLA4 to 

30 GD80andCD86. 
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ATGAGCAGTCTGCAAACTGATGACACAGCCA?G?ACTACTGTGC CAGGGGC CCCCCGCAC 

GCTATGATGAAGAGAGGCTATGCTATGGACTACTGGGGACAAGGAACCTCAGTCATCGTC 
TCCTCA (SEQ ID NO: 3) 

5 Vk (6CTLA4/1. 1.1.6, Vk) : 

ATGGATTTTCAAGTGCAGATTTTCAGCTTCCTGCTA 

AGAGGACAAAATGTTCTCACCCAGTCTCCAGCAATaVTGCCTGCATCTCCAGGGGAGAAG 
GTCACCATGACCTGCAGTGCCACCTCAAGTAT^CTTACATGTCCTGGTACCAGCAGAAG 
1 0 TCAGGATCCTCCCCCAGACTCCTGATTTATGACAGVTCCAACCTGGCTTCTGGAGTCCCT 
GTTCGCTTCAGTGGCAGTGGGTCTGGGACCTCTTACTCTCTCACAATCA 
GCTGAAGATGCTGCCACTTATTACTGCCAGCAGTGGAGTAGTTACCCGCT 
GCTGGGACCAAGCTGGAGCTGAAA (SEQ 10 NO: 5) 

15 Example7. Preparation of a Humanized Version of antibody 26. 

The human framework IC4 was chosen for the humanization of both the light 
and heavy chain V genes of antibody 26. 1C4-V* is of human subclass Vk-1 with 63% 
amino acid sequence identity with the Vk of CTLA4-26B in the framework. IC4-VH is 
of human subclass VH-2 with 69% amino acid sequence identity with the VH of 

20 CTLA4-26B in the framework. The 3 CDR regions of both the light and heavy chain V 
genes are unchanged in the humanized version. Certain framework residues predicted to 
have significant contact with the CDRs or that have important function in maintaining 
structural integrity also remain unchanged. In addition, a number of amino acids 
identified as unusual or rare at their positions for their respective human subgroups were 

25 changed to the consensus amino acid at that position. The final humanized sequences of 
the variable regions of the light and heavy chains are shown below. 

Eight long oligodeoxynucleotides for each of the VH and VL were synthesized 
and assembled to yield the entire VH or VL sequence through Klenow extension He et 
30 al. (1998) 1 Immunol 160: 1029-1035). This final product was then amplified by PCR 
and digested with Xbal. The VH fragment was subcloned into the pVyl t pVv2m3, and 
pVy4 expression vectors (Co et al. (1992) 1 Immunol 148: 1 149-1 154; Cole et al 
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(1998) J. Immunol 159: 5613-3621) to yield plasmids pVyI HO p Vy2m3 HC , and pVy4 HC . 
respectively. The VL fragment was subcloned into the pVic expression vector to 
produce the plasmid pVk ll . 

5 Transient transfections of COS-7 cells with humanized anti-CTLA4 plasmids 

were performed using 1.5 jig and 3.0 jig of light and heavy chain plasmids respectively. 
All light chain and heavy chain combinations were set up (pV>c LC +- pVy l HO pVy2m3 HC , 
and pVy4 HC ). The growth media used was a low Ig growth media (DMEM + 2% Low [g 
FBS + L-Glu). The supematants were used in a FACS assay to determine the binding to 
10 CTLA4. The production levels of transiently expressed antibody was determined by 
ELISAs. 

Supematants of transient transfections of COS-7 cells with pVic^ + pVyl J)C , and 
pVK LC + p^V^hc were used in a FACS assay to determine the titer point of the 
15 humanized antibodies as compared to the murine anti-CTLA4. While this is a 

qualitative assay, it gives a general indication of the binding of the humanized antibodies 
and shows qualitatively whether the humanized antibodies are within 3- to 10-fold the 
binding of the mouse Ab. In order to perform this test, the supematants were diluted to 
the lowest common concentration (as determined by ELISA assay). 

20 

Stable transfections were also performed with various plasmid combinations 
(pVK^ + pVyl^ pVy2m3 HC , and pVy4 H j in order to obtain higher yields of humanized 
antibodies for purification for use in more quantitative experiments. All plasmids were 
linearized with Fsp I except pVy4 HC plasmid* which was linearized with BstZ17I. 30 \xg 
25 of light chain plasmid and 60 jig of heavy chain plasmid were linearized and used in 
stable transfections of Sp2/0 cells by electroporation as described by Co et al ( 1 992) J. 
Immunol 148:1149-1154. 

The nucleoid and amino acid sequences of humanized anti-CTLA4 antibody number 
30 26 VK region is sh wn in Figure 9 (SEQ ID NOs:7 and 8). The nucleotide and amin acid 
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sequences of humanized anti-CTLA4 antibody number 26 VH region is shown in Figure 10 
(SEQ ID NOS:9 and 10). 

A comparison of murine and humanized anti-CTLA4 number 26 VH and VK 
. 5 regions are shown below: 

VH 

Human MAVLVLFLCLVAFPSC 
Murine MDVLVIFLCLVAFPSC 

10 

VLSQVQLQESGPGLVKPSQT 
VLSQVQ LKESGPGLVAPSQS 

LSLTCTVSGFSLTSYGVYWV 
15. LSITCTVSGFSLTSYGVYWV 

R Q ? PG KG LEWLGVIWAGGT T 
RQPPGKGLEWtCVIWACGTT 

20 NYNSALMSRLTISKOTSKNQ 
NYNSALMSRLSISKOMSKSQ 

VSLKLS SVTAAOTAVYYCAR 
VPLKMS SLQTDDTAMYYCAR 

25 

GPPHAMMKRGYAMOYWGQGT . 
GPPHAMMKRGYAMOYWGQGT 

L V T V S S (SEQ ID NO:10) 
30 S V I V S S (SEQ ID NO: 4) 



Vk 

Buaanizad MDFQVQIPSPLLISAS 
35 Murine MO FQVOIPSPLLTSAS 

VXLSRGOZQXTQSP3SL4AS 
VILSRGQH VLTQSPAIMPAS 
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As shown in Figure 5, the humanized versions of anti-CTLA4 (the IgGl, IgG4, 
and IgG2m3 (2 mutated 3) isotypes) are able to compete for biotinylated murine 
CTLA4-26B for binding to human CTLA4Ig. These data indicate that the affinity of the 
humanized antibodies is very similar (at least within 10-fold of the murine anti-CTLA4 
5 * antibody) to that of the murine antibody. 

For FACS analysis the subsaturating concentration of the FITC-labeled murine 
CTLA4-26B was determined using CTLA4-expressing CHO cells. 125 ng FITC- 
labeled murine anti-CTLA4 was combined with varying concentrations of unlabeled 
competitors, including murine anti-CTLA4 and the humanized anti-CTLA4 IgG I 
10 isotype (IgGlAc) using CTLA4-expressing CHO cells. The starting concentration of the 
unlabeled competitor was 2000 ng and was diluted 2-fold serially to 100 ng. Humanized 
antibody 26 of the IgGl isotype showed binding affinity with in 3-fold of the murine 
antibody. 

The affinity of the murine ami-CTLA4 antibody was calculated to be about 
15 Kd=1.7 x 10-9. The humanized versions were calculated to have affinities of about 
2x 1 0' 9 for the IgG 1 isotype, 1 . 1 x 1 0" Q for the IgG4 isotype, and about 1 2x 1 0" 9 for the 
IgG2m3 isotype. 

Example 8: Elimination of activated T cells using anti-CTLA4 antibodies 
conjugated to small molecules or toxic moieties. 

Juikat T cells were transfected with an empty vector (A) or a CTLA4 expression 
vector (B). Cells were selected for hygromycin resistance and expression of CTLA4 
was confirmed by FACS. Jurkat T cells were incubated with various concentrations of 
anti-CTLA4 antibody (number 26 or 33) conjugated to a small molecule (calicheamicin) 
using amide conjugation or carbohydrate-based conjugation. A control antibody 
(MPHANT) conjugated to the same small molecule was also used. Cell proliferation 
was measured after 48 houis of culture by labeling with thymidine for the last 12 hours 
of culture. 

Cells expressing CTLA4 exhibit decreased proliferation in the presence of anti- 
CTLA4- toxic moiety conjugates. Control MPHANT antibody conjugated to 
calicheamicin had no effect on the proliferation of untransfected or transfected Jurkat 
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cells. Thus, these data snow that activated T cells can be targeted using anti-CTLA4- 
specific antibodies. 

Example 9: Blockade of CTLA4 engagement by a humanized anti-CTLA4 
5 antibody results in enhanced T cell responses. 

Jurkat T ceil transfected with hCTLA4 ( 10 6 cells/ml) were stimulated with latex 
beads coated with anti-hCD3+ CD86-Ig in the presence or absence of increasing 
concentrations of soluble anti-CTLA4 Ab (5-20 jig/mi) or IgG control (20 ^ig/ml). 
Supematents were harvested at 72 hours and IL-2 production assessed using a 

1 0 commercially available hIL-2 ELISA kit (R&D Systems, MA). 

Soluble humanized anti-CTLA4-26B (Hu-26B) inhibits the interaction of 
CTLA4 with its natural ligands (CD86) and thus, enhances T cell responses as assessed 
by IL-2 production. Increased IL-2 production levels were obtained in the presence of 
Hu-26B (compared with control Ig). The ability of this humanized antibody to 

1 5 functionally enhance T cell responses is comparable to that of the murine antibody (Mu- 
26B) from which is was derived (Figure II). 

Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
20 routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following 
claims. 
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What is claimed is: 

1 . An antibody- toxic moiety conjugate comprising: an antibody that 
5 specifically recognizes a molecule expressed only on activated T cells and a toxic 

A 

moiety. 

2. The antibody- toxic moiety conjugate of claim 1 , wherein the antibody is 
specifically reactive with CTLA4. 

10 

3. The antibody- toxic moiety conjugate of claim 2. wherein the antibody is 
specifically reactive with human CTLA4. 

4. The antibody- toxic moiety conjugate of claim 2, wherein the antibody is 
1 5 a monoclonal antibody. 

5. The antibody- coxic moiety conjugate of claim 2, wherein the antibody 
binds to a region of the CTLA4 molecule that blocks the binding of CTLA4 to CD80 or 
CD86. 

20 

6. The antibody- toxic moiety conjugate of claim 2. wherein the antibody 
binds to a region of the CTLA4 in spatial proximity to the site of CTLA4 binding to a 
costimulatory molecule. 

25 7. The antibody- toxic moiety conjugate of claim 2, wherein the substitution 

of amino acid 83 in the amino acid sequence of human CTLA4 shown in SEQ ID NO:2 
results in modulation of binding of the antibody. ' 

8. The antibody- toxic moiety conjugate of claim 2, wherein the toxic 
30 moiety is a carbohydrate. 



10 
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The antibody- taxir m«- 
' °- The antibody, toxic 
1 1 • Hie antibody. to v ,> m ~ • 

N "-_(hyb„do M ), ATCC Accession* X ATCC Accession 

^-^onu XATCCAccession,;— ^TCC Access.cn 

^-.W*™ X ATCC Accession No '-! y t bn r mi 

^ "*'*" "* **» * «*■ i when™, ft. ^ , 

20 

14. A humanized antibody that • 

sequence shown in SEQ ID NO.10. 
16. A method of modulating the im mm 

1 7 - "* ^thod of claim 16 w,w c 

^nistered to a subject and the step o ** is 

™ »e step of contacting is pcrf 0nned 



in vtvo. 
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1 8. The method of claim 1 7, wherein the subject is suffering from a disorder or 

condition that would benefit from downmodulation of an ongoing immune response 

wherein the disorder or condition is selected from the group consisting of: an 

5 autoimmune disorder, an immune response to a graft, an allergic response, an immune 
response to a therapeutic protein. 

19. The method of claim 16, wherein the step of contacting is performed in 

vitro. 

10 

20. A method of modulating the immune response comprising contacting a cell 
with an antibody specifically reactive with CTLA4, wherein the antibody is produced by 

a hybridoma selected from the group consisting of: ATCC Accession No. 

(hybridoma ), ATCC Accession No. (hybridoma ), ATCC Accession No.- 

1 5 (hybridoma ), ATCC Accession No. (hybridoma ), ATCC Accession 

No - (hybridoma ), ATCC. Accession No. (hybridoma ), ATCC Accession 

No - (hybridoma ), ATCC Accession No. (hybridoma ), and ATCC 

Accession No. (hybridoma ). 

* 

20 21 . A method of modulating the immune response comprising contacting a cell 

with an antibody specifically reactive with human CLTA4, wherein the antibody 
comprises an amino acid sequence shown in SEQ ID NO:8. 

22, A method of modulating the immune response comprising contacting a cell 
25 with an antibody specifically reactive with human CLTA4, wherein the antibody 
comprises an amino acid sequence shown in SEQ ID NO: 10. 



30 



23. A method of downmodulating the immune response comprising contacting a 
cell with an antibody- toxic moiety conjugate, wherein the antibody specifically 
recognizes CTLA4. 
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